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This report cites results of a technical investigation as to the tiatn’~~ ade~~u ’ •.,

tiuacy’6P The inspection and evaluation of the dais is as prescribed by the
National L~m Inspection Act, Public Law 92-367. The technical investigation

• includes visual inspection, review of available design and construction records
and preliminary structural and hydraulic and hydrologic calculations, as

• 1 applicable. An assessment of the dam ’s general condition is included in the
report . 
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DEPARTMENT OF THE ARMY
PHILA DELPHIA DISTRICT . CORPS OF ENGINEERS

CUSTOM HO US E — 2 D  & CHESTNUT STREETS

• PHILA DELPHIA . PENNSYLVANIA 19106

IN •~ I P , Y

NAPEN-D

Honorable Brendan T. Byrne 3 AUG 1978
Covernor of New Jersey
Trenton, Nev Jersey 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Wolf Den Dam in Passaic County,
New Jersey which has been prepared under authorization of the Darn Inspection
Act , Public Law 92 -367. A brief asses sment of the dam ’s condition is
given on the first two pages of the report.

Based on visual inspection, available records, calculations and past
operational performance, Wolf Den Dam is judged to be in fair condition.) To insure adequacy of the structure, the fol1~ dng actions, as a minimun,
are recommended:

a. Engineering atudies of the phreatic line and emb ankment soils
should be performed within one year of the date of approval of this

• report to determine corrective actions required to reduce the potential
for soil piping during high water elevations. Necessary corrective
measurE s , including removal of trees and embankment slope stabilization,
should be initiated upon completion of the studies.

b. Within six months of the date of approval of this report a
• periodic inspection program for the entire darn should be implemented

and a maintenance manua l should be developed . The periodic inspection
program should include mon i toring of the flow rates at the minor seepage
areas beyond the toe of the dam.

c. A qualified engineering geologist should begin review of seismographic
records of the blasting adjacent to the east of the dam as soon as practicable
and finish the review within 30 days of completion of the blasting.

A copy of the report is being furnished to Mr. Dirk C. Hofman , New Jersey
Departiuent of Environmental Protection , the designated State Office
contact for this program. Within five days of the date of this letter ,

• )
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)
Honorable Brendan T. Byrne

a copy will  also be sent to Congressman Robert A. Roe of the Fi~ ht h D i s t r i c t .
L’nder the provisions of the Freedom of Information Act , the inspection
report will be subject to release by this office , upon request , thirty
da ys after the date of this letter.

Additional copies of thLs report may be obtained from the National
Technical Information Services (NTIS) , Springfield , Virginia , 22161
at a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.

An important aspect of the Darn Safety Program will be the implementation
of the recommendations made as a result of the inspection . We accordingly
reques t that we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely yours, /)
(/

1 Incl 
~-~7 HARRY V. DUTCHYSHYN VAs stated ( / Colonel, Corps of Engitfeers) District Engineer

Cy furn :
Mr.  1)irk C. Hofman , P.E.
I)ep artn ient of Fnvironmontal Protection

• :— 
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Phase I Report
Natio n a l Dam Safe ty  P r o g r am

~~,. ~~~~ r~ ~~~
- 

• ‘~ !. AVAI L ~~ a- VEI L
ASSESSMENT OF GENERAL CONDITION

Name of Darn: Wo lf Den
State : New Jersey 

___________________

County : Passaic
USGS Quad Sheet: Wana~ue , N. J.
Coordinates: N 41 02’ 24” LAT., W 74 18’ 18” LONG .
Stream: None (Off the Wanaque River)
Dates of Inspection: 9—il Nay 1978

This darn is in good condition as defined in Appendix H, Conditions . It is
actually a series o three dams which is named as one of nine dams on
Wanaque Reservoir. It has an excessive tree growth on the downstream slopes
which is presently being removed by the Owner. To expedite clearing
operations this removal must continue , with the slope being immediately
stabilized with grasses and/or legumes . There is rock blasting activity
occurring near the north end of the dam. The blast monitoring info rmation
should be furnished by the Owner to the Corps of Engineers and reviewed
soon . It is recommended that a periodic inspection program and a 

-

maintenance manual be developed for this darn .

• 
. The dam will not be overtopped by the probable maximum floc ’ d (PMI ) but tae

reservoir level under P~IF conditions wilt be higher than both the impervious
soil zone and the concrete core. It is recommended that studies of the
phreatic line and the embankment soils be perfo rmed in the near future to
determine the potent ia l  fo r  roi l  p i p i n g  luring high water elevations . The
drawdown time foi Wanaque Reservoir is considered excessive , It is

• recommended tha t  in the near  f u t u r e  a l a rge r  capacity drawdown f.i c~~1i t v  be
provided .

• 
.t <~~

,

” ~~

“
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,~,/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Based on visual inspection , available records , calculations and past operational
performance , Wolf Den Dam is judged to he in fair condition .

a
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To insure adequacy of the s t ruc ture , the fo ll~ w 1ng ac t ions , as ;~ m i n i m u m ,
are recommended :

a. Engineering studlen of the phreati c line and embankment 140115 ~h ou l d
be performed within one year ~ the date of approval of this report to
d~’termine corrective actions required to reduce th e  p ot e n t i a l  fo r  sofl
pip ing during high water elevations . NcceRsa!v corrective measures , Includin g
removal of trees and embankment slope stahili7ation , should he initi ated upon
completion of the s tud ies .

b . Within six months of the date of approval of this repor t a periodic
inspection program for the entire darn should be implemented and a maintenance
manua l should be developed. The periodic inspection program shou ld include
monitoring of the f low rates at the minor seepage areas beyond the toe of
the dam.

c. A qualified engineering geologist should begin review of seismographic
records of the blasting adjacent to the east of the dam as soon as practicable
and finish the review within 30 days of completion of the blasting.

APPROVED : •7~~ _ _ _ _  

4-~~~~
• •/ ~IAPRY V. ~~ñ~1~’SHYN I /~Colonelp//orps of Engineers

Diatric~~Fngineer

• 
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1 . }~~ JEC1’ INFORMA r1ON

1. 1 t ENE.RAL

1 .1 . 1 A u t h o r i t y :  Public Law ‘) .~~— lt~~ . S Augus t  l~ -
‘
.‘ . attthori :ed t h e

Secr eta ry  of the Army , through the U.S. Corps ot  Eng inee r s  t o  i n i t i a t e  a
nationa l program ot safety inspect ions  of non-Federal dams throughout the
United States . ~~t lbert Associates , Ln~ • has en ter ed  into a Coat ract .
Number DACWb1 -~ 8—C—OO1 .4 , w i t h  the Ph i l ade l ph i a  O t t  ice ot  the U.S. Corps ot
Engineers  t o  inspect t h i s  tam . t h i h e r t  work Order 0~ — ‘2..~)—O0O .

1 . Purp ose ot  1ns~ei~t ion the purpose is to conduct a Phase 1
inspect ion according to the Recotm *iended t~ui~tel ines  t o t  S a t e t y  Inspect iou ot
Darns ~R eference  1) .tnd cont ract t equ rement  s b e tw e e n  ~ 1 b e rt  A ssoc .tt es
Inc . and the Corps o t  En g i n e er s .  the o b j e c t  ives  .i re  to expedi t tons lv
ident i fy  whether this darn App aren t  lv poses an immed i  .it e threat to human it te
or prope r t y ,  and to recommend f u t u r e  st ud i e s  at id-  or any obv ious  r emed ia l
ac t i on s that  may be ind icat ed  by the in s p e c t io n .

.~ PROJECT DE SCRIP T ION

Dam and Appui ’tenance s : W o l t  Den Darn is a ser i e s  ot th ree  earth
emhaukments separated by rock k n o l l .  The das has a m axi mu m he i gh t  ot ~~~~~

-

teet above natural ground and an aggregate length of ~ , 2~)O feet . The record
drawings indicate it  has a concrete core with an impervious zone on the
upstream side (see Figures ~ and 3’).

This Jam has a blowoti pipe near the center ot  the w e s t e t t v  section (see
Figure 3’). The blowott pipe consists ot a 12—in ch cast iron p~ pe to  th e  darn
c e n t e r l i n e  and a 15—inch reinforced concre te  p ipe  to the downst ream t o e .  As
with the othe r darns on Wanaque Reservoit • i t  r e l i e s  on the  O~’et ’t low Weir
LN. J. Ot2l ~

) to pass excess s t or m  water r unol t. ~See Location Map ’~

• .~ • 2 Loca t i on :  Wo It Den Darn is locat ed about one— t h i  rd a t  le west  o
New .Jersey R o u t e  ~ i t  .tt Wanaque , N . J . , and ab out ot~ C — t hi i’d nit i e south ot
Raymond Da m. the toca t ion o t the  darn i s  shown on the g eo l og i c  map.  Appendix
F and the Location Map . F i gu r e  1.

1 . 2 . 3  Size C t a s s i fj c 4 t  ion : The darn i s  c l a s s i f i e d  as a large  s t r u c t u r e
because of i t s  impoundment 177 .950 ac re -t ed  at elevation .110 feet~~.
according to Section 2 .1.1 of Reference 1.
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1 . 2 .  ~ Ha!.iiTd Cla ss i t i c a t  ton: the dani t% loca ted upst t e a m  ot  a
inoderat c l v  heav i lv popu 1 ated v ail cv and t I ood p I a t  ii i t  t ’a . which inc I udes
severa l towns. the darn is  c l a s s i t i e d  as a high ha :artt p ot enti al based on
the r equir emen t s  ot  S e c t i o n  2 . 1 . 2  ot  Reterence I .

1 .2.5 ~~nersh tp : the darn is owned and m a i n t a i n e d  by the North Jersey
District Water Supply Commission ~NJDWSC). a New Jersey state commission . -

•
they have engineering and maintenance fac ilities located at Raymond Darn in
Wanaque , N. J. the Chief Engineer of the NJDWSC in Wana qu e is M r .  Dean C. N o l l .
The address ts:

North Jersey Distr ict Watet Supp ly  Com m i s s i o n
Ringwood Avenue
Wanaque , N. J. ~.r.+c~s

L 2.b ~~~~~~~~~~~~~ Wolf Den Darn serves as a series ot saddle dams
which close off low areas in the rim ot  the Wana qu e Reservoir , which
supp l ies  water  to residents ot  Paterson , Montcla’~r , ~leti Rid ge , Newark ,
Kearny . Passaic , and Clifton , New Jersey .

1.2. Design and Construct ion Hist~ rv: This dam was constructed t rom
J u ly  12 . 1925 to July 25. 1’~2’ by t h e  C l i t t o r d  F. MacEvoy Co. ot  N e w a r k . N .

as part ot the t o t a l  Wan aque P ro j ec t .  The projec t  began i i i  l’~2t~. The
darn was completed and the reservoir was filled by March .., H2Q . The
origina l design records could not he located by the st att of the NJDWS C at
Wanaque. However , publications indicate the design was performed by
employees of the NJDWSC w i t h  the ass i s t ance  of i nd iv idua l c o n s u l t a n t s .  The
New Jersey Department of Environmental Protec t ion  (DEP ’) has some monthly
progress inspection reports and several photographs taken during
construction. There are no indications of revisions or repairs to the dam
since its origina l construction.

1.2  .S Norma l Op~’r a t i o n a l  Procedures: There is no operat tonal procedure
for this darn . It relies on adequate t reehoard to cont ain s tor m  surges in
the reservoir , with overflow handled by the C v er t l o w  W e i t  ~~~ ~~~~~~
0 . 2  mites east ot the Wolf Den Darn.

1.3 PERTINE NT DATA

1.3.1 Drainage Area: 90.4 square miles  (Reference .4 ’)

1. 3 .2  Discharge at Dam Site: Not Appl icab le .
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1.3.3 Elevation: (Feet above MSL)

iop of Darn - 310.0
Spillway Design Flood (SDF ) Surcharge - 308.8
Full flood control pool - Not applicable
Recreation pool - Not applicable
Spiliway crest (gated ) - Not applicable
Upstream portal invert diversion tunnel - 268.5
Downstream portal invert diversion tunnel - 2b4.7
Streambed at centerline of darn - 2n8.0 (topographic low , not streambed)
Maximwu tatlwa ter - Not applicable

1.3... Reservoir:

Length of Maximum Pool - ó.ó miles
Length of Recreation Pool - Not applicable
Length of Flood Control Pool - Not a p p l i c a b l e

1.3.5 Storage (Acre—feet):

Recreation Pool - Not applicable
Flood Control  Pool - Not applicable
SDF Surcharge - 7b , ..00
Top of Dam - ‘7 .950

Reservoir Surface (acres):

Top of Darn - 2,620
SDF pool - 2,590
Flood control pool - Not applicable
Recreation pool - Not applicable
Spiliway crest - No spillway; 2 ,3b~. at normal  r e s e r v o i r  o v e r f l o w  e l e v a t ion
of 302 . 4 fee t .

Darn:

Type - Earthfill with concrete core
Length - 2 ,200 feet
Heigh t - .~.2 feet (above ground surface )
lop Width - 15 feet
Side Slopes - Upstream 2 horizontal:1 vertical to 3 horizontal :l vertical

Downstream 2 horizontal:l vertical

— 3—

-
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Zon ing  - impe rvious soil zone next to the upstream side of the concrete core
wall

Impervious Core - Concrete core wall

Cutoff - The concrete core wall reputedly extends to rock.

Grout Curtain - None. The upper part of the core wall foundation was
grouted to a shallow depth

1.3.8 Diversion and Regulating Tunnel:

Type - Pipe Blowoff (12 inch cast iron pipe becoming 18-inch reinforced
concrete p ipe . )
Length - 230 feet
Closure - 12 inch globe valve wi th  backup 12-inch gate valve with non-rising
stem .
Access - Concrete manhole
Regulating Facilities - Valve stem to manhole cover (see Figure 3)

-4-
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2.0 ENGINEERING DATA

2.1 DESIGN

A plan , prof i le, and maximum section through the dam and some borrow
material investigation plans are shown on original record tracings which are
on file at the NJDWSC engineering office (Contact Mr. Dean C. Noll) at
Wanaque, N.J. No original design data were available other than results
mentioned in the North East Water Works Association publication
(Reference 2) and a 1925 report by the Commissioner of the NJDWSC (Reference
3) .

2.2 CONSTRUCTION

Contract drawings , specifications , and record drawings , are available at the
NJDWSC engineering office . Periodic inspection reports , news clippings , and
photographs are available at the New Jersey Department of Environmental
Protection.

2.3 OPERATION - Not applicable

2.4  EVALUATION

2.4.1 Availability : Informat ion  on foundation exploration and design
analyses is lacking .

Data on embankment material and placement are incomplete. The record
drawings which show the extent of rock excavation and foundation grouting
results are available.

2.4.2 Adequacy : The available drawings and other data received and
reviewed were ~dequate for use in this Phase I dam report.

2 .4 .3  Val idi ty :  The record drawings appea r to be consistant with
observed structures based on the visual inspection.

—5—
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3.0 VI  SUM. I NSPI’CT IO N

L I  F i ND INGS

3. 1 .1 General: Wolf Den Darn has apparently served well in the past.
Minor seepage was noted in several areas beyond the toe of the darn.
N ume rous trees are growing on the downstream slope .

3.1.2 Dam : The downstream slopes were relative ly uniform with no
visible evidence of instability. The majority of the downstream was covered
with a moderately dense growth of small to medium sized trees . In severa l
areas , trees had been recently cleared with the stumps left in the ground .
The upstream slope was lined with riprap anti was in good agreement w i t h  the
record drawings . At least five areas of seepage were located beyond the t ot ’
of the embankment . Most of the seepages occurred about five to iS feet
beyond the toe with an average estimated flow ot two to five gallons per
minute . All of the seepage water was clear at the time of the inspection .
For details of seepage location and occurrence , refer to Appendix A -

Embankments , page A-S.

3.1.3 Appurtenant Structures: At the blowoff pipe (construction
drainage diversion) an estimated flow of live to ten gallons per minute of
clear water was passing from the pipe outlet.

3 . 1 . 4  Reservoir  Area: Gneissic bedrock , continuously exposed along the
reservoir rim near the darn, exhibits apparently stable slopes .

.3.1.5 Downstream Channel: - There is no downstream channe l .

3.2 EVALUATION

The r e l a t i v e l y  u n i f o r m  side slopes and the lack ot’ any c r i ti c a l  s igns  ot
di st ress of the embankment Indicate that the darn itself is in good C o nd i t i O n

(see Appendix H). All seepage discovered beyond the embankment t oe  . ir c a s
appe ar s  to he within tolerable limits , The numerous trees growing on the
downstream slope should he removed and the banks kept c l e ar  ot  t rees t o

• prevent deep penetration of their roots and the eventua l formation ot pip ing
channels as the roots decay.

3.3 ATTENDEES

New .Jers~yj~ept. of Environmental Protection
Larry ~oscyna

Gilbert Commonwealth Associat~~~~ Inc .
Jame s A. Hagen
Ru do l ph J. W a nah ik
Fine 1. lisu 

-
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- :  4.0 OPERATIONAL PROCEDURES

4.1 PROCEDURE S

The water level in Wanaque Reservoir is maintained by the Overflow Weir
structure , 0.2 mile to the east , to a pool elevation of 302.4 feet MSL. The
highest water elevation recorded since October 1950 was 303.93 feet
(Reference 6) with excess flow passing over the uncontrolled weir. There is
no operational procedure for Wolf Den Darn.

4.2 MAINTENANCE OF DAN

There has evidently been periodic maintenance and surveillance performed on
this dam . The roadway on top of the dam is cleared of trees and easily
traversed by automobile . A NJDWSC security patrol travels daily around the
reservoir in 4-wheel drive vehicles and on foot. They regularly pass over
this dam on their patrol and have been instructed by NJDWSC personnel to
observe for leakage or areas requiring maintenance . Tree removal is
reported by NJDWSC personnel to be planned within the next two years . Trees
have been removed on the easterly portion of the center segment of the dam .

4.3 MAINTENANCE OF OPERATING FACILITIES - N.A .

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

No automatic warning systems existat this dam . A daily patro l is made by
the NJDWSC security guards equipped with radios. According to NJDWSC
personnel , the guards are instructed to radio the guard house , or failing
that, to directly radio the Wanaque police of any obvious , impending hazard
to residents from the dams on the Wanaque Reservoir.

4.5 EVALUATION

The seepage areas should be periodically observed and flow rates measured .
Tree and brush removal is needed; tree removal is planned and partially
completed. Otherwise , the maintenance appears adequate ; however , it is
recommended that a maintenance manual be prepared .

-7-

, . •  • .  
_ _ _  

—: - - -- _~~~_~~~~~~~~~~~~~~~~~~~ ‘~~ -‘
__________ — ‘~.‘.. . —_— --—-- —  __________



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 

— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~.O HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

Other than the dam , there are no hydraulic structures or control facilities
• at this location. Excess storm water runot1 is discharged at the Overtlow

Weir , 0.2 mile to the east. Details on the methodology used in this report
and the hydrologic results are presented in Appendix D.

5.1. 1 Desig~i Data: The maximum pool elevation for the design discharge
of 18 ,000 cfs is 304.3 feet. This is based on the o r i g i n a l s p i l i w a y
elevation of 300.3 feet plus a head of 4 .0  feet , for the Overflow Weir.

4 With  the t’lashboard s in place , the overflow structure becomes a sharp edged
• weir with an elevat ion of 302.4 feet , and a pool elevation of 30b.b feet

with the design flow ot~ 18 ,000 c f s .

5.1.2 Experience Data: The maximum recorded reservoir level is
303.9 feet , (March 31 , 1951) (References and 7) 6.1 feet lowe r than the
crest of Wolf Den Dam.

5.1.3 Visual Observations: There is no visua l evidence to indicate the
darn has ever been overtopped.

5.1.4 Overtopping Potential: The PMF, when developed as described in
Appendix D and with the flashboards in place on the Overflow Weir , results
in a reservoir elevation of 308.8 feet. One-half of the Pt’IF results in a
reservoir elevation of 306.0 feet. with the flashboards in place. As
discussed in Section 7.0, the PHI and 1/2 PHI reservoir levels are highe r
than the impermeable core of the darn.

5.1.5 Reservoir Drawdown: The existing emergency drawdown ta cili tie s
installed in the several dams of the Wanaque Reservo ir .ire uot adequate to
lower the water level of the reservoir in a short period ot t ime . A
prelimina ry evaluation of the performance of the existing drawdown
facilities is given in Appendix D. The time required to draw down the Wolt
Den Dam from Elevation 302.4 (top of flashboards) to the bottom surtace leve l
of Wolf Den Darn t,268 feet), using the existing facilitte~ at RAymond Dam is:

System in Use Time ~~~~~~

Aerator System 144
36” Dia Blowoff 445
Aerator and Blowoff 108
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6.0 DAN STABILITY

b .1 STRUCTURAL STABILITY

b. 1 .1 Visual Observations: The earthfill dam has relatively uniform
side slopes. All seepages occurring beyond the toes are well within
tolerable limits. I~ 4,~ 

r~ç~ anticipated that these seepages would result in
• significant soil~~ ur’fi~ ta~l

’
~~ i1s on the downstream slope are primaril y

silty sand and gravel; the exposed rocks are composed of biotite gneiss to
granitic gneiss with folation bearing about bO° (striking N 20°-40°E,
dipping 30°-45°SE) to the dam axis. In summary , the dam itself appears to
be structurally sound with satisfactory stat’c stabil ity under its hist~~ ic
loading conditions .

6 . 1 . 2  Design and Cons t ruc t i on  Data: The record drawings  i nd ica t e  that
the upstream impermeable material extends upward to only elevation 300 feet
which is 2.2 feet lower than the normal overflow elevation of the reservoir,
This condition is undesirable to the extent that it offers no secondary
barrier to the passage of’ water through the core and will not provide any
temporary delay of hydraulic forces on the concrete core due to brief
increases in the elevation of the reservoir. The foundation rocks were
reported to be broken and seamy ; therefore , a large amount of rock
excavation , together with foundation grouting was done , in order to provide
a stable foundation for the concrete corewall. There were no other
descriptions of impervious material except as clay (C), loam (L) clay mixed
with varying proportions of gravel and sand (CGS) as shown on the contract
drawings . Data on foundation and slope stability analyses are not available
for review .

6.1.3 Operating Records: Not app licable.

6.1.4 Post Construction Changes: Not app licable.

6 . 1 . 5  Seismic Stability : The darn is located within Zone I on
Alge rmissen ’s Seismic Risk Map of the United States (1%9 edition ) , the
static stability of the darn appears to be satisfactory and conventiona l
safety margins appear to exist , and , therefore , .n accordance with paragraph

• 3.6.4 of Reference 2, the dam may be assumed to present no hazard from
earthquakes (under its historic loading conditions referred to in 6.1.1.).
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7.0 ASSESSMENT/REMEDIAL MEASURES

The assessment and remedial measures contained herein are based on the
provisions of Appendix J , Conditions .

7.1 DAN ASSESSMENT

7.1.1 Safety: No evidence was obtained to show that this darn in its
present condition is structurally unsound . The inflow hydrograph for the
probable maximum flood (PHI), as supplied by the Corps of Engineers , was
routed through Wanaque Reservoir by means of the REC-1 computer program .
These results indicate that the dam will not be overtopped under PHI
conditions . The time required to draw the reservoir down under emergency
conditions is in excess of 108 days .

The water level has exceeded the top of the impervious soil, zone upstream of
the concrete core numerous times in previous years. The impact of this on
the safety of the dam requires further studies and analyses which should be
performed in the near future.

The numerous trees growing on the slopes of the dam could result in root
penetration of the core wall and eventually result in leakage , wh ich could
lead to soil piping .

1 1.1.2 Adequacy of Information : The assessments are based primaril y on
the record drawings and the visual inspection of the dais. Further
information which should be supplied by the Owner to the Corps of Engineer ’s
to more completely review the darn includes:

a. Records of the seismograph during blasting for a new treatment plant
being built adjacent to the east end of the dam .

b. Info rmation on the piping potential and phreatic line of the embankment
material above the impervious blanket and the material downstream of the
cor e.

-
• 7.1.3 Urgency: The tree cutting program started by the Owner should be

completed within the near future .

Blast monitoring information should be obtained and reviewed soon.

7.1.4 Necessity for Further Studies: The sampling and testing of
embankment material referred to above should be performed in the near
fu ture .
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7 .2 REMEDIAL MEASURES

7.2.1 Alternatives: Trees and brush should be cleared from the side
slopes. The slopes should then immediately be revegetated with grass or
legumes. Trees and thick bushes should be prevented from growing on the
slopes in the future.

In the near future , the Owner should provide a water release facility that
would allow the reservoir to be lowered in an acceptable period o time .

Detailed studies of embankment soils and phreatic conditions should be made ,
in order to determine the possibility of piping or erosion in the embankment
when the reservoir level is above the top of the core . If remedial measures
are found necessary , they should be performed soon. If test borings are
performed in the program , piezometers should be installed in selected holes.

7.2.2 Operational and Maintenance Procedures: Tree remova l must be
continued to keep trees off the slopes. It is recommended that a periodic
inspection program and a maintenance manual be prepared in the near future
for this dam .
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APPENDIX B - CONT’D

CHECI. 1.1ST
ENGINEERING DATA

HYDROLOGIC AND HYDRAULIC DATA

DRAINAGE AREA CHARACTERISTICS: Densely forested , very hilly with  m in ima l
cover on bedrock.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 302.4 ft (61,531 Acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY ) : N ot appl icable

ELEVATION MAXIMUM SPILLWAY DESIGN FLOOD: 3C5.S

ELEVATION TOP DAlI: 310.0

CREST : Cleared roadway

a. Elevation: 310.C
b. Type: Non-overflow
c. Width : 15 ft
d. Length: 2,200 ft
e. Location Spillover: Not applicable
f. Number and Type of Gates: Not applicable

OUTLET WORKS : Non-overflow

a. Type: Not applicable
b. Location: Not applicable
c. Entrance inverts: Not applicable
d . Exit inverts : Not applicable
e. Emergency draindown facilities: Not applicable

HYDROMETEOROLOGICAL GAGES: None at this dam

a. Type: Rainfall recording chart, 24 hour precipitation can , and maximum
and minimum temperature recorder. Float type continuous stream level
recorder with drum chart.

b. Location: Raymond Dam in Wanaque , New Jersey .

c. Records : Weather data published as climatological Data-Wanague-Raymond
Dam by the National Oceanic and Atmospheric Administration . Streamflow data
is recorded by the U.S.G.S.

MAX I MUM NON-DAMAGING DISCHARGE : Non-overflow

B—4 
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APPENDiX I)

RESERVO IR HYDROLOGY AND DRAWDOWN

Reservoir Hydrology

The hydrologic analyses presented in this Report and in the Appendix pertains
to present hydrologic conditions and 4oes not consider future changes produced
by uncertain conditions such as urbanization , forest fires , or other
modifications within the watershed.

The inflow Probable Maximum Flood Hydrograph for Wanaque Reservoir was
supplied by the Philadelphia Office of the Corps of Engineers and is shown
in Figure D-1 (Reference 8). This hydrograph has a peak flow rate of
33 ,500 cfs occurring 50 hours after its start. The total runoff volume is
94 ,500 acre-feet , over a time span of 140 hours. The NEC-I Computer Program
(Reference 5) was used to route this hydrograph through the reservoir. The
main discharge structure for Wanaque Reservoir is a 520-ft long Overflow
Weir about 0.2 mile east of Wolf Den Dam , which has had permanent
flashboards in place since 1934. The storage volume-spillway outflow
relation was determined assuming that the initial water surface elevation
was at the top of the flashboards (302,4) and the structure functions as a
sharp—crested weir.

— The spiliway discharge and the reservoir storage/spiliway outflow relationships
used in HEC—]. for routing the PMF and one—half PMF through the reservoir assume
the flashboards are in place. These relationships are shown in Figure D—2.

Reservoir
Water Elevation Spillway Discha r~~ Flood Stor

~E(feet) (cfs) (Acre—feet)

302.4 0 0
303 820 1 ,381
304 3,760 3,530
305 8,410 5 ,678
306 14,210 7 ,765
307 18,640 9,822
308 23,700 12 ,431
309 28,600 14,270
310 35,300 16,418 
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The surface area and storage of the Wanaque Reservokr a t  different water
levels (Reference 2) are shown in Figure D-3. Their values are:

Water Elevation Surface Area Storage
(feeti (Acres) (Acre-feet)

215 0 0
220 40 153
230 190 1 ,228
240 370 4,910
250 790 9,820
260 - 1 ,070 19 ,027
270 1 ,300 31 ,303
280 1 ,630 45 ,420
290 1 ,960 63,326
300 2,310 84,701
310* 2,620 106,183
312* 2,680 110 .480

*Values extrapolated from elevation 305.00 ft. (Reference 2)

Results of this routing procedure indicate that the PMF would raise the pool
elevation to about 308.8 ft. Routing one-half the PIll (16,750 cfs) through
Wanaque Reservoir raises the pooi elevation to about 306.0 ft , four feet
below the crest of Wolf Den Dam.

Flood routing was also performed assuming that the flashboards were removed.
In this case , the storage volume-outflow relation was determined with the
starting water surface elevation at the top of the spillway crest
(300.3 ft.) and the Overflow Weir discharging as an uncontrolled ogee crest
spiliway. NEC-I results indicate  that the PMF would raise the pool elevaton
to 306.9 ft. The reservoir was designed to safely discharge 18,000 cfs
(slightly larger than one-half of the P111) without the flashboards in p lace .
Graphs of pool elevation versus time for the PMF and one-half PMF routing,
with and without flashboards , are found in Figures D-4 and D-’S.

Reservoir Drawdown

If an emergency condition that affects the stability of one of several dams
that form the Wanaque Reservoir or of the outlet and control works of the
Raymond Dam develops , then a fast drawdown of the reservoir to a lower
water level will be required. The lower water level depends on the

D- 2
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- location and nature of the hazardous condition, Figure D-6 shows

- - graphically the times required to lower the reservoir level with the
- existing facilities .

The water level in the Wanaque Reservoir can be lowered by the following
means which are discussed further on the following pages .

A. The Wanaque Aqueduct System.

B. The existing aerator system.

C. - A 36—inch diameter blowoff.

d. The bi.owoff and the aerator together.

e. Other blowoff lines.

All drawdown times were computed considering that the minimum inflow of
2 cfs/square mile into the reservoir was equalized by the system demand
and other water loses.

it~
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A. The Wanaque Aqueduct

The potential of the Wanaque Aqueduct to lower the water level in the
reservoir during an emergency condition is non-existent because a
minimum inflow of two cfs per square mile , which is equivalent to
117 MGD, will supply the average daily demand of the distribution
system. Table 1 gives the average water consumption during the last
ten years .

Table 1

Year Demand (MGD)

1967 95.37

1968 106.92

1969 111.17

1970 113.45

1971 112.88

1972 112.17

1973 103 .09

1974 98.90

1975 92.07

1976 90.58

1977 107.01

D—4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _  _ _ _



—~c-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~ -: ~~~~~~~ — 
~~~~~ ::-:

‘I
S

B. Aerator System

Operation of the existing aerator system will drawdown the reservoir
water level between the crest of the Overflow Weir at elevation

- 302.4 feet and the top of the aeration nozzles at elevation 240.5 feet
in the following times :

Water Level (Feet) Total Time (Days)

302.4 0.

300 10.39

290 55.42

- 280 98.03

F 
270 — . 135.76

26,0 174.69

250 212.65

240.5 253.65
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C. 36-Inch Diameter Blowoff

The 36-inch diameter b lowoff  installed at the bottom of the Raymond Dam
in the stream control conduits can be used to lower the reservoir level
to an elevation of 222.00 feet which corresponds to the entrance intake
sill to the lower conduit. The blowoff discharge is located at
centerline elevation 213.38 feet. The times in days required by the
blowoff line operating alone to lower the reservoir water level are :

Water Level (Feet) Total Time (Days)

302.4  0.

300 33.18

290 177.59

280 309.41

270 420.21

260 525 .48

250 613.40

240 677.29 
-

230 713.89

222 728.7 9
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D. B lowoff and Aerator  —

Simultaneous operation of the 36-inch diameter blowoff pipe and with
the aerator system will lower the reservoir level in the following
times:

Water Level (Feet) Total Time (Days)

302.4 0.

300 7.95

295 42.28

280 74.48

270 102.63

260 131.05

250 157.55

240 181.98

230 218.58

222 
- 

233.48
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E. Other Blowoff Lines

Smaller diameter blowoff lines installed in several of the dams
around the Wanaque Reservoir are not known to be in operable condition
because , since their installation in 1925, the lines have not been
inspected , operated , or maintained.

D—8 - 

—~~-- _~~~~~~~~~~~~~~~~~~~L_ n -~rfl _ — 
.- ----- - —



- ‘
~~

-
~~~~~ 

- — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

.

~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
-- .

~~~~~~~

S

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0
I I /

I —~~~~~~~I — ~~. ~~I —
I l u j~~~~~~~~~I m c .’) ~~~I
I w~~~ ~~~~~I
I ‘— 

~~ ~~~~LU ~~I
I —~~~ w~~I U..~~~~~ ...J ..,.j
I
I// 

—~~~~~~~
.

0

F-
U,

0
(p .—

Ui
/,
—

(0

- -

N

I 1 1 
0

0 0 0 2 0N

(S~ O 0001) 39~ VH3SIO

‘U
,

-

. 

.
~
-.---- 

- - 
— —,- 

- -~~~~~~~—— ----- 
__lt



— - 
—

~~~~ 
-.--- -

~ 
-
~~~ 

-- -- 

~~~~~~~~~~~~~~~~~~~~~~~
- ‘ “ ‘  

-~~~~~~~~~~~~~~~~~~
-
~~~~

‘
~~~

-: T~~~~-..-.----

S

________________________________________ 0
LU

— .~~~L)

c’4 x -_I zI L U — - —

‘

—~~~~~u_~~~~
‘

0\ —
~~~,

\
-& 

(.1)
U-\ - 0

4 — 
0
0

\ 2\\ UiC,
i-..

—
~~~~~~~~

C%J
0Cl)\ a

\ .

\
—I

‘I,

— 2

it I I I 1 0
0 0 ~0 N 0
— 0 0 0 0 014) 14)

0

~~

(.L33~ ) N0I.LVA313 è~3.L~’M

_ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ __ _ _ _ _



_____ ________- -~~ T~~~~~~~~. 
~

‘--
~~~T-- - ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~

S

0
— 00 

~~~~
‘; i 1 1 ___ .

~ —.——— r 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LU

-
~~~~~~~~

I L U0
—

~~~~~~~~~N 
“ I ~~

-
~~~~~~~

~~~~~~~~~~ Iz
~~~~~~~~~~~

~~~~LU

0
0

— 0
~~ ~~~

.

M-

Ui
C)C) 44 —0 
40 

o w0 _ 0— 0_  
I’)— C o  

‘U — <
Ui

0‘Sb 05’-
0 > -~ .
p.-.

(.0 
~~~~~~(I)

g -  —
~~~~~~~~~

0Q — 0
I’)

0 I I 0
0 0 0 0 0 0

N C 0 (0 N 0
14) ‘) N N N N

(i~ 3d) NOIIYA313 e~3iVM
4

—- 
— — ________________



..— ~~~~~~~~~~~~~~ - - 
~~~~~~~~~~~~~

—- -  
- - -_ -_~~~~~~~~~

‘. - 

~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~~

-
~~~

-
~~~~~~

- — ~-~ r ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

S

I I  ~‘0I i i  —

I I
I I
I I

I I I 0
I I I Q -J

I I

I ! I -

~~~~~~I I
I I Z W C ,)It I

J I 0 Q~~~~~~W~~~~I I 4

~ I z
I I 4 _~~~~~ W~~~~I I U-I I —

~~~~~~
-‘ II I 0
/ I ...J ~~~~~~LL.
/ I i  4
/ I 0
/ I’I I

I! U)
I’ V 4 c~iI A —I fs.

/ /l U-
/ I ‘A.

I’. / i i  0
/ i  Q.

I A ./ I
y ~~~,I

I C,)
..—. I
— t

—

V i
.

~~~~~~~~~~~~~~~~~~~~~~~ 

.

~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~I -

4

I 0
I (I,

I Cl)a. 
- I w0 -‘ 2 ~(1 >

I I  I.&j
W I 0.

o l  -

U I
W I
I- , CsJ
W I

0
H

U-o

I I I I

o 0 (0 0
— 0 0 0 0 0
14) 14) (0-  II) Iv) 14)

(1S~ 3AOSV .L33~ ) NOU.VA~13 lOOd 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~



~~~~ ~~~~~~~~~~~~~~~~ 

.

~~~~~~~~~~~ 
—

~~~~~~~~~~~
- - ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

S 

-

F1~i~~ 

/ j
1

-
- 

I I
I I
I I

I I I
- 

I 
/ ~(

I I I I_n = -<I 
/ I 

~~~~~~~~~~~~~/ /
- I I

I I I LU— ~~~~~~~~I I I
/ I

I I / 0 (D
~~~~~ LU~~~~ 

LI..

I I ._
~ 

_
~~~~~~

/ I U-
I I I

I II I I
1 I / I’ I I

- I /
I I a

I / I < N- z 1-

~~~ / d/ i ,’
/’

I ~- I 7 ¼,.,j
I —

-
~ I U- ‘U

- H

(1S~~ 3A0$V i3id) NOU.VA313 lOOd

L ~~~~~~—~~~~~--— —-----——~~ 
— —i~~~~ — —-- ---- -



—
--- — 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~ ~

S

0
I I 0I 1 ( 1  I I I 0

0

I! / /7’ F

/o f
~.~~Li.

I00

I
0 / _

~~~~z4 /a ~~Q~
- 0

~~~~~~~~~~~

(.L33~ ) NOI .LVA313 �I3J.VM 

—-~~~~~~~~~~ -~~~ - ~~~
—- -

~~~~~~~ - —-  —— -~~~~— — - ~~~~~~~~~~ — ~~~~~ -—-



-— -

t

I..
’

..,-, -.,-~ LULl
I. ’ ‘~

- 
-

‘4 ‘r~ 
•~ -~~~ ~~~

% 
-
~~~ ~‘ .5-.

.4-4

- ~~~~~ - N
- . 

- ‘.4. ,,.
~

-4 -4 - -4.4 ..- 
~
. ‘.4 —.

‘4 “J ‘4
‘--4 ‘-4 LU.,.4-4 .4-4 -‘ 

I’...
~~~~ ‘ ‘~.

~

~~~

~ r ~~~~~~~~~~~~~~
~a 0

~~~o . .  -% — 
~~
-. (r-~U • NNNNIULII%1NN - .%JN c. ~~p. NIULJ Nf.d ~~~~~~- ~~~p. 

- 
~~~~~ 

‘
~~
‘

.4 S NN NN - -- (.5 • N4%I N0d - (%IN -
0 NN IULJN NN -

— 0  NN NN NN - -
- • AJAI - NN -

~ N NN NNNNNN
- Ill NN - - NNIULJNN -

— - x • - I -
O N  - - - I - -o - : -

lMIdx - 0 - -
- —

~~ I~~I5j i~~~~~~~~ _ 
-- 

~~~~~ t~~I~~ ~~~
W -  -

— .&M~~ ~~~~~ .sI.Q -
2 Z ~~~~~ ~~~~ 

- - -
I.JUJ I.?-aI -

* I&IUJ ~sIIaI - UJI.iJ
o .~~~i .~~ü -

~~~~~ - 
-

- - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

0 
- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

0 - - 
-

- NN - -

- -

NN - -
NI~INN - - -

I’JN NN .N N  -
(‘IN - N N  - -

(‘IN (‘IN (‘IN -
(‘IN- 
(‘IN NNNI%IN

z~~
.

z~~fxxzzzzxm:2Tz zzzx:z’xxxzzzxzxz

I
~

4

(‘I

Sheet 1 of 31

— - -nt’tL:r ~ tfl ..nr- — rr,rTh~ - .-,- :=e~nna. — ~~~~~~~~~~~~~ L.. -L 
- 

-



-~ ~~~~~~-~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-,--- - --- -~-v- - - 

~T-~~ ~~~~~~~~~~~~~~~ 
-
~

S

t

.4

.I •~.p. S
•.—S

5 4
S~~~ S
S
•~~• IsI *S.. S
5 4  5
.0 S
• .t S

S O  OS.— .~ S
s~~I:.S

-f
5>0 *

:..~~:
:~~~~~~~: Sheet 2 of 31



- -- - —
~~ ~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

S

t
,r0
31.’(

- -
S . . . .. .  -

- - 
0000000
0000000 -¶ - O4O(t~ 

-
- 0~~~0~ -tNN -

S - -• - 
..

S - - S 00
S - - * -00

- S - - 4 - NO
S - 

S
S •...... -S

- S .J0 0000000 S
• 4 1  0000000 5
S U - 0000p.Gi$b S

- 5 0 ~~..l’->.NN 5
N -

N—
41.10 NOzo x l  .• • . • .  • l~J -.5’ . ——-4 1  ‘4 0000000 XOu~N

1- 41)0 Il 0030003 33 1)0 4
X l  — J~’0O041( ..JN.5’ .Z X l  2-’2 ‘4 .t .O0ifl. ~~N 0—-..? ‘4 O S

S 2 >~~ ~~‘ S 2 — •.
5—0 S — In S — I/l ‘00
2 1  5 .J S

> 3.. 5 0 6  -~~ 5
-~ — S S I— S -1~ J•I

4 - 611 5 0 Ill • S - . • • . 0 -. .—O .40 40 —
2 S S I  — 0000000 — * X I  X l  1(0
.4 5—0 5 5. - 0000000 S A. 4 5—0
‘ )  _ J l  5 ( ‘ 0 ’~ /I,.r—.In 5 ‘~ I/I .

A. S (‘~0~ .(l(I (N 5 0 3
- ‘ — 00 N—. S ‘4’ • • I • 0

- 61) .0 - 3N~~ . ‘*0
2 2 1-0 0.1.4’. InN 3.

- (JO 01-0 4 • - Z0P~
.I1( 5-N 611 *0 ‘J 4~ 3

I 8 I .JI - 80 $ 4~~ 6’( _l -~~ 0 5-0 411
— 5-0. I . • • • • • • (‘.6—. 0 5. 2 0 —

‘ 8 51) 4 )  0000000 5- —
- In 22 — 2aOa~~ ooo 2 0

00 0 3 4U0 5.~~~~~~~~~0ISjIn - — - I S
- >2 . 201-0 5. 5-5.0 ‘4 N(’INIn4 )N — 4 - —

8 P——’ l~~~~l 5 2 4I~~ 8 1 (—. - s.e . . ~ —1.13 4 2 2  . S  Ot1)0 080 (.5 - 30,00 S 041.10 O 4 0 U~e 43
51(0 U.— S UQ. I 5—I 0 SIn .4’ s 23. 5 0)0  40 0> >
41.15 — S .4 2 - I 2>0* 4 4 - 11(0 0 5  4

— 8(4 l~ - - . ~~~~ 5. 0 - itn~~~~ •
- 4 ‘S O  Y S 1.~~. 4 >b . ... . I  .SN &l( S 3.’ S Si  40

1.J.J0 I J l  5 0 240 I000o0*~~ N 4 4 — I
34... ~~ 41I~~ 

2i( • 2 300 0000000 5 5
- 3 3. .1) 5 0 0(11 • bfl0N.? ~fl - 43 3 8

42..I In 5. S 2 Z 0 280 0~~~~~~~~~’0. ,N • 020051(0 430 02 6.. - 3 O S  05 S 5. ~(—. 5 .14 . - 53 I 51’(0 -4 I • . —4-’ O>•—..’) - 4U > S - 3?-*~~- OIJ 00 ~.J NO ill
S — 0-0 .511 )4 1 . 6  _ . 6 •  9~ —

IX— tInrI— 2— JO In.? 3.
• 522 — -4 3.0 - 1 ._SI .0 - I t~~~~ 3

- 3..... . I 40 I . • • • • • —
041.6* 0 2 • 00000 00

- O~~4 20 33.0 .1(0 00000oo 3.— .1(0 .13
- 8 2 — 5  51(2 I PIONO’0.O $j ( 7 1%.  3 1  -~- 2) 2 3 0 0 0 —  5

5-0I~1) S S U 4 5 U ~~ I In • • —
S~~~~~~~ 40 S — 0 2 5-0

4361.0 S - 0 4160 5 20
284 5(ULJ S - .44 - A_.1P S
—.62 2 5 8 .  01 5 SI—

- —>0 2 5 0—. 40 . 01 • 3— #50
S 4 1--> - 0000000 4 5. I

. 4 0 0 .  - 5 . 5- - 0000000 5 1-
2 - S Ill - NI15 ’0U_S.—.OU6 S 111 In

00 5 — ~~~~‘C5-0’$N S — S
S 20— (.50 N.’-’ In(#I5- ..
O 00- 0 3
.J - — VU —.0

- 
2-4 —

501 5 0000000
55-  S 000.000
SO’ 5 3— ~~~~N05-0’4
S — S SI  ~~~~00-’*iSIH . • s
5 5  5 5 2 5 00
S4  S S — S
5 -5 5 S S
• S S S
S O  S •
5 6.6 5 S 000000 0 5
5.. S S 000000 S
S ’ 4  * 5 5
SO  S S ‘~.GO’041(s S
S -t S —

- .3
S O  OS
•_ ,., S-

~ 5 2 405..~ 55 —~~~5 ) 3  S
5 . 4 .65.— .3s
5 -42*
S .1345
5 4155.25

Sheet 3 t~~t 31

-
- ~

...— —-— - - -~~~~~- —-- _~~ ~~~~~~~~~~ — _ _ — ----.-~ - - -~
-
~~~ -- —-



- 
T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~ -~~1 r-~~-~~~~z ~~~~~~ T T  _ _ _ _

S

I - I I 
-

- 
— 

- 
I - -

-

-

;‘0-J~~~~~4-..tN.’501 Inr ..ohON4%j5-(~~ O.4.~~~~~j~~~~ ‘0N 5-01 ’0#5-.01J 1(01In3-? 0C~J ~~‘0.t .? >ON 04’OJ(In.C’~
. .4.401

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ne%Jof’ .J.,p.’- .tr. ‘0201 6— .40 ‘001—0’%i’001 0 ~~~~~~~~~~~~~4 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .4.4.4 .4 .1 0105N.NISINNN

- - -‘-.Nf4N NNNNN— — —- - I - — —

—N0I4’In,0 00..5., .4.004’
- —-------_S1N01 4In ~ 0NNO~-51’5fSIo2” .516 .401N 0 05-’0.OOIJI-J(’* .4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 01 50101NNN~’)—- - - - -

. ~ 
j . . . j  . iS S~~ •‘•~ S J• L . .J  

~~oN.4InInop.Ino.,00N0101p. .? 40—0010InU$ ’00100In,0O ’.ONO’0 O—’-4’5-01N5-.—S#55-41_SNr- -0 —%t5In.O.1(0 .4

—~~~~~~~N01t/I0-0N..tInIn41(In.? ~~‘5NN-.OOGo5 -Np. ‘0 ‘0’0InInInt#54 .1.4.? .? ~~~~~~~~~~~~~~~~~~~~~— — I 
— I - -

— I — 
1

3I I I I I I I I I II ( 6 $ I $I I I I I IS I I I I I I I I I  I I I S I I I I I  1 1 1 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6 1 1

(SIN 4Sg’41 ——eI rSj ——. 4 44 4 4  44’  InInInInIn InIn.C.C’04 ‘0’0’0’0~~

Sheet 4 Of 31

- - _ - --  
- -~~-~ -— - ~~~—-~~~~~- - -  ~~~~~~~~~~ --—-~~—— —~~~~



-
~ 

- - -- 
1.~~~~~~~ _____ :- i.. .~ ~~~~~~~~~ I ~~~ - i . H ~~~~~~ L T?.. - :

(.1 •~~ S
25-0’O -

3.0.0  -
. 1.04 -

- - -

In -

4 
- - - -

0 - -
5- - - 

-

~~~~~~~~~~~~~ 
- 

- -
- - - - -

5 4 . 5  3 >.N -
- - - - - -

In IOI...N - - - - -lULJ ’ O I 
I - - -

5- , 
- I - -

3 I - - I - - I 
- 

-3 5~~~~•
6’ 9—’.0O’ I - - I I
~J ~~0-—  - 

- I - -I 01364 - - 
- - - I I - -

101 .0 I - - I - I - 
I

4 N 4  ‘ 
- I I . I

- - I - I -

I - 

I i 
— ; —

-
~~ 5.01. I -, - 0000 I - I - -
‘4 001 .41$ - - - I - -

- ‘ - -
- - --0N - 

- 
I j

3 5  - - 
- -

6 3  - - IIn - I - I -3 401 - I -
‘.1 415,0 - - - - I ,A_ c - -p. -

01 - 

-

“St. -
- - 

-

I

— Sheet 5 of 31

-
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -- - -~~~~~~~~~~~~~



~~~~~~~~~~~~
- -- -

~~~~~~~~
‘ 

~~~~~~~~~~~~ ~~~~~~~~

S

0

if S

I - 
-

• ~ • • ~~• •~~ • I S .  5 S  • 5  • 5  •. • • •~~ • • • •

0
0 —
e
N
•5 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I I 0 I
o 3 : -
0 I
2 0 -

SI

0 0
S .  - -
—e - _ - 

. ->0 - 
- — 0 - -

00 - - - -I - - I - 
- I -- I - - I -

— - I — -
- 

~ :

‘ 

~°1 
I

I 

- -

4 - I - - 0
— .4 - - 3
Ill . .. . I  0 — . - 

- 
— 0

00 - - — -
—e - I - - I -
>0 —
0.0 0
~1~~ - - I

- — -

I 

~~‘ 

--:
~~~~

°

°

—‘-— 3 303 0 3
I - .00eO~~OODOO 00000000030003030000003000030003000033333033

O I I I I I I I I I I I I I I S I I I I I I I I I I I I I I I S I I I I S I I I I I I I I I I I I I , 5u I I

PIN ‘IN - _________ —

- IN011( NNN1(151010101011 ’S0(01010101 ’01010101 #4 1 . 4 . 4 . 4 4 4 . 4 . 4 . 4 . 4  InJ5 15LISInInII
0
S

Sheet b c~f 31

____ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .,—~~~~~~~ “ -~~~~~~~~~~~ -~••~•~~~  .44



.- - --- 
~~

- --
~~
-- 

~~~~
--‘ 

~~~~~~~~~~~~~ ‘
~~~~~~~~ ,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~: -

~~ :~

S

. . .

S S S S • S S S S • • • • • • S  -

— , — — I }
I $ I

5 S 5 5 5 5 5 5 . . 5S 5 5  
- -

S ~ • • S 

— 000
00000000

0000000000000e00
1 1 6 1 1  I I IS I I I I I I I

S

~ 4 010 514-40001 4’O~~ O

fl IIflIfl4.0.4’04.O.4.Q.O.0 .0-

—
- - 

Sheet 7 of 3],

-- 

— -—,-~-‘-~~~~~~~ - - ----- —



-::-
~~
“

~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
-
~
-

~~
-
~~~~ .. .~~~~~~~~~~~~

-----~
-—- - - -

~~ 
- — — - 

~- 
-
~~~

-—- 
~~~~~ 

—
~~~~ r~~ - I

S

5
5
S
*S
S
-5
S
S
S

S
5
S
S
S
S
S
S
S
S

- - I —
S
S - - - 

- : -S
a - :S - - I - I -
S
S
S

— S I - - 
-

• I p

S
5 

6S
S
S
S
S
S

S
S
S
S
S
S
S
S
S
S

S
S

S

Sheet 8 of 31

~ 

—~ -~ -~—---•-- •-— ~~~~~~~~~~~~ - - 
— - 

~~~ _ , _  - —- ,—_--~~~— ~~~~~~~~~~~~~~~~~~~~~~ . —S----- ~~~~~~~~~~~~



- - - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- 

~~~~~~~~~~~~~~~ : - ~~~J~ 
- 

~ T1~ “s’ ~~~~~

S

t

- I I I

I - I 
- I -

400 - -
.1)44 -

5 ••

>3~

S. .
315.6511
0S> -
to,- -
1 4 0 1  1 -

3~~~~o— 
- -

0 OIn36 -

~~ 6 41501 - I - I
.40101 - I - -

6 1 . 1 0 1  - - -
1,5 - - - - I
4 - - I I I8 - - , - -
1) 8. .  I 

- - -

>3 0-0 I - -
.4 3.001 - - - -

- I
5 045- - I - - I- 

I I - I

4 - 
- - I

- I — I
3 4. 5 .  - - I

- - I -
- 

- 16.100 I . I - 
-I~~~ 3.ilso I - - -

1~ •I~~ ; - -3 95151 - I
- 

- 
I

S - -

S.
.4

2 - -0.0 - I -

Sheet 9 of 31 

—

- ~~~ J ~~~~~~~~~~~~~~~ — -—--—~. ~~~~~~~~~~~~~ - - - -  — ~~~ - ------ -~~~~~~~~~ -_-.-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~
---- —



-. ~~~~~~~ ~~
‘ — 

~~~~~~~~~ -~~~~~~
“ - .--- - - -

~~~~~~~
-, .. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- P’~~~~~~~~%_~~~~~~~ 

~~~~~~~:

S

.00
40
001
1)5.0

• •. • • • 3  —.651
0000000

- 4iJ500004I

- S - - — . I.
S - S 00
S - - - S -‘00
S - - S 04.0
S - - 5 01651
S S ~~15.6

- S JO 0000000 u
5 .4 5 0000Intt5tfl 5- S U .4160>01404 5
S S S

—
5-0
.4 _fl
N—

61)0 042
50 X I
4 1 -4 0000000 503.’
5- 1.60 611 110.15000-15 30 .6’S .1)0 -4 .
Vi X I  — 011ThSI01U’%1~N ..J .0>01 I 5 5...
2 4 0401In01 -’- 0515 5- .4 0 5

S 5 — >2 .? 5 5 — ..
5-0 — 151 5 — 461 -00
2 $  S >0 .4 . 015-
A. 5 0 5  4 S 651-1
— 5 5 — 5 3.15

Ill - S 0 (16 • 0 5 5 0  (1)0 40
S S S I — 0000000 — 5 5 I S 5 150
11) 5-0 S 3. 0OJ6L1101615 5 3. .4 S—0

) .4 I 5 —) 01p.~~~~~5-s1iN S “S 6/6 • S~
5. 5 5 — 0 3-
— 00 — 2 .5- . S . .3

—0 3—40 .40
2 2 5-0 0551 -) 15551 3.

(JO 05—0 4 • 2005- S.N 6/5- *0 1514 0
I S I ~~ .4 I 80 - I’,- — .4 1.1 0 0-0 (.4

6— - 5-5. . . . . . . . 151 4 5. 5 0 —
8 6.6 - 0000000 5- (3”) — . -
— silO 25 5150000015 5 0
000 0 - 0 4(40 3.0495095>.0NI - - — I S
>20 ‘Z0s-0 5, 5-0.0 4 0’ON-’ — - 4 —,

- I X  4 1 5. 5 — 5.4 . S 3  5- -
11)05.. 42 2 - 5 06.40 080 (3 - - 31595> S 061.104430 40 4610 43
415’5 U - S US. I ~~ I 0 30 .4 5 20. 1 3>0 40 0> >

~
JSX - 5 .4 2 8 536~(515. 5 .4

56163 61. S I ~~5- A. 0 II’.l I16 S 6 . 3 0 X . 4 J 1
~~ .80 - 5 1.. -4 > 5 S~~~~ S • ~~~~

. 4-.. li i 5 3,... 5 I 40 I-~j ,j Lj5 5 S 0 5-40 10000000 (55 s 4 —
34_* I~6~~ 501 S 5 1330 00*1500015 5 5 - 5-
3 -4 3.. I - 5 3 016 • 5-(56~~~~~O’4 ’ 01 S .3 3 2
422 615 3. S 820 550 3 .~~

,.0.00’6 . S 0200150 430 0-
2I 3 I 9 I 35- I 3. — S .0 53 5 ~~J53 4 I —
4- 6.6 c>— I 4U . 5 - 301036 36.1 00 .4 I~40 In
>>.4 04 - 16.11.1 5 — - 00 .5- 6-4.6 .4 • 36—

0 - 8- IN.-.0 2— .10 (11.? 3.
254 — 4 0.0 - 5.0 0 I 0101 3
43—0 I 40 . .0 41)
94.60 3 5 • 0000000
0*2 50 30.3 /60 150000015 150 .69
8 0. — I VIZ I .—G —4III’5001 I In • 3 I —
5> 5 0 - 3 00 S
5.06.1 5 5 U — 4 .  5 5.1 . 16  In S I  —
.3: 5 —. - 

- 40 5 — 0 5 5-0~~~-434_ I— S - 40 41JU_S 5 20
58 8451 S 4.64 5.0- 5 012

1,SJI_ 2 5 2 .  - -0 S 151—
I > . 3  S - 5 0—. .40 • S — 5 0—. 6/50
904 5 .4 p.> - 0000000 5 4 3. I
0 5 - 5 5- 01506/51j_S0Ji - S s.. —
S I S ill 0011153601 S Ill In

6.6 00 - S — 4095 S S
0 5  ZP- 430 — 41541(5-
0 0  - II IS.I&JI.. 00
O I . 3 V I I
.4 — VU

24 —

S 0 1  S 0000000 
—

S5 -  S
S O ’  5 43— ,ø-.o.,0095
S — 5 0 S 01>9501—
S S S S. .. S
s 5  S S 5 . 00
5 4 S — S
S ”5 5 5
S S S S
.0 S
54 .6  5 5 0000000 5
S S 15015150145 5
S4  S 15c0-~~~~” S
SO  S >36401—
S .1 5
• 55..~~~. — 3
S O  OS
5~~~_ : •
5 513 ..
.24-OS
5 4 1 6

5>3  ~S
5 — 4 3S
• 1 - 42.
S US 45

5 . 3 4 .15 
Sheet 10 ~ i 31

- —.— - ~~~~ _—~~~~~~~~~~~ ---— —- - - - 
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ ~~ - -

. 
—



~~~~~~~ - T T ~~~~- 4 .

S

t

- 
I 

- 
I -

5.5 ~~-.5- ‘0 -—5-5-0140400 1 ’ S 5 4  JS..~s11N5-000101013. ’SJlNN0N-0N.~ .700 1 55~-~ 4 0015-0... . .? 3.~~~~~~~~~~~ .J ~51
014’00 ’S’004~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- —.55445-3,..010101511 01—....036 305-0.01515164 44 0101I’(01010415J01010101 -

I I - - - - I I -
I —

! 14115151515L55151500015000001111500015In150150515645s4115001615006/500150000In15000000In15141U1415In1500000
‘.5- (5~ ..015- 55 55J0O00400000,-Nsfl1515045-p.004U15-045J5-0055J5SJO0N00IJ000001 161$1l41I15t/551i5-N5-I5~~.AJS_156.flt111516

——01019595415,05-0001150>0115.4>4 40105-’040144Q0010015~~~~0 1 0’  .40100.0 404—00 05-’014115 .440101040404040401
- 01014~~~~ 0lIn,0,0In01f51.-.a G05-0- ,’040In15 .14 401019501

— 
I - I 

~~~~~~~~~~~~~~~~~~~~~ 
-

— 
— 

—

153. 510—0’J0-C.3’-05-—J5’-2001—’~-340.’ 0 49 ,0019 ’04 045-013,,0.4 0 1 4 , 0 5.~.J~~~’ ‘S 513 .4 - .C
‘——04 560101.41540> ‘51160? 01.005-.? ‘0~0 ~ - tfl.. 041—.0 41-010 0401025-511404—0Q’D5-.OI/I 4 .? ‘IN-551 00036

- 
—.65104 .?J1.05- 0~~0 Z5-~~~ - ‘0,0.0 1 / 6- 4 4 4 4 4 ’  ‘ S 0 1 M ’ S 0 1 A Jr510455J~6.4651 ’51l51N51N55J04—.

~ ~~00000O00000@00000000000000000000O000000000c0000000o00e00O00000000
- 1 5 - 1 1 1 1 1 1 1  I I ) 6 l I I I IJ J  I I I I I 5 I I I I J I I II I I I I S I  I I S I I I I I I I II I I I I 5 I I I S I I  I I

:-000044’00004C044-02
‘4604 - 

~~~I’~J —

-— —

Sheet 11 Of 31

_________ _______  - - --- -~~~~~~~~~~~~ -- -— 
-



-- --- ~1~ 
.— 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

H!

4.5 .0.
1164-3 -
.6> 43’ 151

>45- .?
‘54

-64

0
5- -

- I -

I I
- I I

0 1 5 , 00 - - -01 4 - - - - 
I -

I - -

I 

~

I 

I 

Sheet I.’ ~I 11.

- ____~

_

~~~~~~~
_
~_ -~~~~-~~_..• --~~~ - —--—----.- - - -  -~~

-. - - I~t~~~ - -  - ---~~~~~. 

~~~~~~~~~ 9~~~



I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~
--

~~~~~~~~
- -

~~~ --~~~~~~~~~~~~
‘------ - -

~~~~ ~~~~~~~~~~~ ~~~

~~

- 
-

i
S

o

- 

S

~~~~ 

0 1 I 1 1 6 5 1 5 5 I 5 5 I 5 6 5 5 5 5 I 1 5 5 5 6 I 5 I 5 5 5 5 5 5 5 5 5 1 I 5 I 5 . , I 5 I I , I 5 5 5 .
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- S — --- 5101 — 51651 —.——— —465104
- 6..
I .~~~~~~~~~~~~~~~ 1540154650101 510151010101010101010101950101010144444,44.444 41515145154164

Sheet 13 ‘t i i  

—~ ——~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 

_________________



______________—.- _
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _— ——-“  — -- 
~

:—: -~~~~~~

- 

~~~~~ ~~~~~~~~~~~~~~~~~~~

S 

I — - -
I I I I -I — : - — - 

- 
—

• • . S. . . S . .. • S. ._  I - 
-

— 
- 

I — 
I

— I — I 
— - —

— — 
- 

- 
I 

S .. . . . .  
- -

— I — -

I -

.•.... . .• . . .~~• . S•  

I

—I
30
• .00 

— 333
000

000003

4 5 

30.000000 000000
I I S S I I I I I I I S S I I I

.4 oS.~sa.4se4-o~~.,51 -t oo.
‘46

16 .4.0.0.444 4.0.044

Sheet 1.~ ~‘f 31

--
--- - - 

-
~~~~ -~~~~~~~~~~ _ — --- - - -—-~~~~~-—---- - —~~—--—-- - - - - 



- .~~~~~~~
-- ~~~~ 1~ ~~~~~~~~~~~~~~ 

- -  
“

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -
~~~~

-- 
:-

~~~~~~. ~-

S 

-

t

S
S
S
S
S
S
S
S
S
S

S
S
S
S
S
S
S
S
S
S

I -
5 -
S I -
S -S -

— —.. I I - I —
5 I

I 
- -

S
S - I
5 I -S I
I I — I
S -
S j -

• -S - -
• - -

S
S
S
S
S
S
S
S
S
S

4 
-

H
Sheet i~ ~s t  U

______  ______  H



_____ ‘r~ -~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -= 
~~~~~~~~~~~~~~~ 

‘
~~
‘
~~~ :~~~~~~~~~~~~~~~~~~~

- - .-~~~
-

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S

400- 
‘.1)4: - -

- 5. .

3,3’

2. .
I 3—4’ -

- 15 - 0
01 -
0- - -

2~~~. - - -
> 3415.4 - -

- 9 05-0 - - -
- - ..1 ZO’43 - -

- 
:- - 616- 164 - -

- (3- - 
- I -

.4 - IS. - - I - -

- - - 
- (.l15’ft - I

- - - I- I 
~~ -L 0- —— -

I 
- 

- I I

-n - S - I - -

- - 

- - 
- :-

- 
- : -

- . 4 —

- i 
~~~

S-
1- 01.4

5-

S.

Sheet 16 of 31



- -- _.‘i-~ 
-
~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 

S

- - - I - 0000000 - 
-

- I - 0000000 I
- - - 3.45004016 I

- - 1 1 0 4.40101 I
- I S I  - 

. - S - •.
- , s - I S - 00

- I I - - - I - -
- - - S I  - ‘ - • - - ‘0-51

I I - - - 015-
- I 5 - • 5 4 * • • 5  - 5 -

- S I - .40 I 0000000 S
- - - - S - - 4 5 0000000 S
- - 5 U - 00005-4.115 - S -
- - 

- S - - 0 5-4040101 .4
- : s-se - -- - - - 00

- 154554
- 1 3 . 4 5

- (.50 - —N
50 - X I  5 5’ . . . .  61J •36 • -

-4 5  4 0000000 10111454
iSO 45 0000000 30 .0 - .60 .4

Vi II — 5-’0I/5’0OOI45 .4013.4’ X I  2—
5 .4 4.401410101 0—-, -4 S I

S 5 • 154.. > 5 - 4 .  .4 2 s. S .
5-0 S — - 515 5 — 15 00
2 5  5 -  >0 - .4 .4 5-0

S. 3. 5 .  0 5 ;  4 - S
.64 — 5 1  S : 5 3,4
(15 - S . 5 - 0 - I n  - . 5 S . . s . @  - 5 5.0 .60 40 —
S S 5 5  — 0000000 5 5 5 5  X I  1(10
1.6 5—0 5 3. - 0000000 - 5 5. 4 5.0

‘S .35 5 , - ‘0401U14—.In - S 4 15 • —
3. 5 - 010—160101 5 — 0

S — - 00 4%j... 5 •-1’ • I
614 - - —0 - - 316WIP- 00
S - S - 5 - 0~~ 04 .4. - ‘0(11 3.

(30 05.0 - 4 . - 
- 105-4/6 - 01 111— 40 Oil S S

I 5515 5 5  .JS SO - 5 4-S’S .4 ~~ o 0-0 1)- 0 ~~~ - - I • • 5 5 5 5 5 154. 0 - 3. 5 - 0 —
- 58 611 - 4’) - - 000000* 0- . - — - S
• 4 - . - 50000000 2 0

00 0 - 3 .4(30 5.15.00.000115 1 - — I I I - S
- >0 .~.Z0I-0 I 4. 5-5.0 .4 01454046/10101 - 5- 4 I —

- 55 5-— I >5  5 2 -4Ii~ • 0 S’S... - S SO S * -. 3 — . .
- I~JU5 4 12  - 5 05.40 080 43 s SO’0O .4 01.60.4(30 40 00 43
I ~~ u— - S (35.6 5 - S  0 - I 0145 .> . 80. 5 0>0 40 5-’O 3’614.3 — - - S I -4 1 5 - I 5360-4 .4 .4 .4 • 6110 -OS’- 4

SI.. 5.. 5 61.5- 5. 0 ! IIi’I—.~~ 5 25- (3 0 1 • -T tfl
50 - 5 5 . .... .4 ~~~. . . . . . .4 4 5 l t4i S 0 . — S  5 4 0

.J.—o ur.I - S O  840 -50000000 01 * -  — I I
- 390 4.4— 501 - 5 5 1300 I 0000000 I X —
I 000 3. I 41) 5 3 0515 • 5-4(W(O014I( - 5 (3 3 - - S
- 116 - 3. S 050 280 9 010101,001eV - . 0200150 (30 0
- 55-la. - 0 - 05 0.— S A. 05... 5 •f tS  - 2 9 52 1 60  4 5  5 —  —

4~~ 06-.-.”) 4U 6- 2 30-010- - 3(3 00 .3 00 511
>02 04~ 

- I~.Il1) 5 — 0.0 .6/4 ).-4.J .1 S >141
~ 

—
~~~~ 0— - 56/501— - 5’.’ (JO 45- 3.

I 555 — 4 0 .0 :  5 0 . 4 ,0 1 5 0 1 0 1 0
- . 

~5 40 - • . . . . . • -401 I- - 
- -

3.644 0 - S • I 0000000 - I
504 Z0 - 33.0 - I/S O - 0000090 3. 1110 .30
S S I - 

- 5 I 0150140.3,06/5 2 1)1. 0 1  163
- 1> 1 0 - —fV4Il -O-0101 0 00 5

5-0544 5 5 - U - 4 .4 U .1) I Vi • . —
—I—I S - — - 40 .4 — 0 2 00 5.

- S - 40 51)0 - S (4.15
284 2151 5 - I~J4 - 5.161 - S - 010

- —4140 2 S - 5 • - S’S a - 0404
5->0 5 5 0.. 40 ••.. . .  . S’S 5 3... - /10
308 - S - 4 5--C’ 0000000 - 5 4 - 3. I
0 3. 5 — 0000000 .4 — 5-- 2 5 (15 01*14,015—.O15 S In US

00 S — - .3’.00-9501 S — 5
0 - Zr— - - (30 • (1j... I/SI/IS— - - S •

- 0 - - X I I  - - 4_I1)II. I - 016
- 0 3 - - (.15 5 .001

.3 — -
5.. - - 24 —

- S . . . . ..  —
I S’S S - - 0000000 -
55-  S 0000000
SO  S 3—. —9545105-0.0
S 5 5 5  . .G00--*01
S S S S. 151 S
S Z  5 5 = . ee
S - 4 S S — SS_ S 5 5 5
S S 5 5
— O  5
56.4 S S 0000000 5
S5 -  S S 000000 5

4 5 5 .,45-0155j5- 5

0 5 S 0’>O4N S
S 4 I i l l s
5 55-— S

S OS
S 3  5 <.6159
S 240S
•1.4 5* — 3
5>0 5
• .4415S
5 _5_43 5
S I 4 ZS
S .1045
S 611351
S £3435

Sheet 17 of 31

- - — - —  -~~~~~~~ -~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
- ;-  -

—- - -



_ _  — - —----—-
~~~ 

- ----

~~~~~~
— 

~~~~~-- - ( i ~~~~~~~~ ’ -’ ~~~~~~~~~~~~~~ - — — - - — - -

S

$

OJSC’15J01301-s4S4—4514—4015e 35 3.364 .s,0 o,0 3 6 _ 0 1 0~,..,~~.4~~~~ 01 00—4.05-40165- .0~~- 45-015*4S—.O ’0IlS,0 4’ ’SS5-~~ 0001045J5(4101451001 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~-\4 ~~ 4 ... 3..S5-3,015 .7-—.455456S ’595415 ’05...45,005Ui4.50 4O4’01’050015--.~~~US4m.,t/45... O015 3. 5-,t(4.3. 55- -C 4010403.05-5- -C044,0—O-.14S5365’—US01esJO 05-16401154.—o3.3.5p..5-,0 .016166614444 0101010101010101151s51e4.N(%J
- . 

- —

0OO0OO0000OO00000eeoooo
~~ o~~~~~~~~~~~~~~~~~~~~~~~~o~~~~~~~~~OOOOOOOOoOQOcoO0OOoCoOoOooo161515151516 150O01600O0O16U1eooUS1515~~~~~ 016U~161600ulUSeOS4Soo~tIoOe 0l3 fl150000 001JS1pJ’4j1(4SU1US0O 000WSI014US’05-0015 O40005 -03.3.3.55 -’.. 04C’p.. ~~Aj5-4IS4006514’0o .7O4O’0NO~~~~~~~~~~~~~m...o3. 55-’0 115~~~js-J,-

401
- .4 5145I0101010145j040404__ 

-- 

~- 

-

90 .J164540.45I5105 ’0S .7364’ —01’00101isjo-sJ(/4 450-.01—4 0451’0014 ‘0 05-N4,0. 4 9 5 V  04’.- t 4’ 15101.7 -~. ‘036 SI” ~~ P ~ -- S ~0~~~~4’ 549.3-...’S5JI O~~~~~~fl4 ’ 3 , j~ /S~~~Ø36 001 5jI ’- /6 -0 —.369J1 0~~~~~~~~~~~~~ J1~~~C “~~~~~0 - ’.j7 ~~V~~ S I’~~~

5 5 5  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  S - S I l l  5 • 5  I I 5 5 5  5 I I I  I I I I I I I  I I I I I I I  I I I S I  I I I I I I I I

— —01161 451151 ........ ~~~~.45j04 -.—0104 .~~~ 16404 

.5

Sheet 18 c~f 31

~~~~~~~~~~~~~~~~~~
-- -

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~ -—~~~~~~-~ -.- - ~~~~~-- - - - - — - -  ~~~~~~~~~~~~~~~~~~



— sr~~~.—~~-~~~ 
5,5~~~~~” - ~~~~~~~~ 

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S

t

15- 05’-
3-0 .5-

04
Its

-I
.4

0
5-

- - - 
-

4 5 . 0 5  - - - - -
-0565 C’ 351404 - - - - -

- - I ‘ - 
- - 

1I/S I01—16•j . - - ; - - - -- I I - -- - — ; 
- — - I — I

—
5 .  1 I - - 1 

- 
I

90 I I I - - 
I 

-90 ~~5.0S - - - I - - I IIsels 9.0C ’C ’ - I - I - -

— 
j 

- I .  —
5 4 5 -  I - S ( - - I - - -4 0 1 4  - I I 

I 
I - -

1 151 
I - I -

- - I - 
- I - I

93. • 5 S - / 4 • I I I I - - - -.-O 1 3>3.1> I I I -54451 315 5- - - - I - - I- - I - -
- 5 0 4  - - - - I

-
‘ 0 0 1 -’ 

- -

90 - 
- 

- -
I I  - - - - - -#5 4’  - - -
00 .4.’  I I - I
~~~1 5.60 - - I - - - - -- 3 .0  -
-0.0 C’ $ I - 

- - -
- 

- 
I • -

-~~~~~~~~~~~~~~~~~~~~~ - -

Sheet 19 of 31

— 
1L !~~~— — 

— 

- -  
—~~~~~~~-..--—-— - - ~~5-5



____ 
-- — 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~~ ~~~~~~~~~

• S S  5 5  5 5 5  • ~~~S S .  S ~~5 . S 

S

S • • S ~~~S • 5  j . • S S ~~. S •  ~~~S • S i . S .  •
~~

S S S S • 5 5  ~~~5 • S •~~• • S S S I S • S •

5; I I - 
- I -

0~~~~ - - I - - - I -0 - - - - - -
-0 I - I - -
01 - - 

- - 

S .. . . . .  5 5 5 5 5 . 5 5 55  

0 -
0 - — - - -
0
151 - - — - 

-- - - - -
- - C 

-

0 0  -

I - • - 
- 0 - - - -

o - - I -0 - - - -
O - - o~~ ; -
156 

- - - - 
- 

,o I -

a 5 5 5 5 5 . 5 5 5. 5  . 5  S.e  .•.
_ .. 

-5 .  I - - 
-

—e - I - - -- - , - — I — - - - -— -  - 00 • - S I I - I - - -
5 0  - 0 - - I 

- - -
- I - 

- - - - -— — - — I r I —— 0  - 
- I - 

— I -
(.4 -  . . - i o l  - 

-> ......... , • S. . .  , . . . . .. .. . .• e  • -5 5  - I - - -51)0 I - I - I i  -I/SO I -  —~~~~~~ 
I I -- z  ~o i I I - -0 00 ; I

— ~51 I 
--

— 0 I - 0 -4 2 ‘ - I 0 i - ! - -— ~~ 
I - - I - I I -

I/S • • • . . . . • . . . . . . . • • • • , • • • •.~~ • • • • • • • -

I F - 
- 

- -0 - - - - -30 - - - I - 0 - -
0-0 - - I 

-.1~~ 
- 

- - 
I - - - ; - 0 -

I.. - - — -- - - - I I - 
-

~~ S . . . . . .. .. ~~...._ ....... C 
- . - 0 - 0 -
- •0 - - - - - - — -

-.0 - - - - 
- - - 1—0 - - - - — 0  -I - 

- - 0 -- —0 - - - a
—

- - 0
Z S S S 5S S S• . . . . S S S .. S 5 5 . 5 5 . . . . . . . . . . . . . . . .. .. . . .Ø . .. . . . .. .

0 - 00 0 — 0 -0 — 0 -
- - 0 — — 0

— Srs — S
— 00

—— 0-
S S 5 ~ • SO ~ —

0 —
0 0
0 —
.7 —

— S——————0005

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O I 5 I I I I I I I J I S I I I I I S I I I I I I I I I S S I I I I I S I I 5 5 I I 5 5 I I I I I I I I I I I

______ ______ ______ ______ -• — 14451 —I51IV — — 5401
— W~15I0115i01011560101010101010101~~01010101010144~~~4f444.7.7.7415.JS/616/4J-S,j5

Sheet 2O of 31 
— -

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -



~ 
~

_
~T~ ir~~

_ 
~~~~~~~~

-
~~~~~

-
~~~~~

---— ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

S

t

. .. .. .S . 5  S S e • S 5

•... e s . . S S S .s 5 5 S  - - - - -

— 
- — — 

- 
I - I - - - I -

— i I —

- I - - - 
- I

I - -...~~~.. ...... ..•. - I 
-

I I I - -

— I

I - 
— 

I 
- - 

I -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- I - 
I

I I : : - 
-

f I I 
- -

I I - 

- - : - —

. . S .S .. .. . . . 5 .S .  
I 

- - -

3
. S • S

— 000
——0000000

a 
S .  • •~~~~ • • • • S 5

-
. 

30 0000000000000 .
I I I S I I II S II I I I I I

- -

Sheet 21 of 31

I ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~ 

I 

~-_:._ 
- 

- 
I -



~~~~~~~~r \ - ,~~~~, 
— 

~~~~~~~~~~~~

—

~~~~~~~
-------- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : - ~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

ii
I t 

S

S -S - - 
-S - I -

S - -S
S
S
S

:

S
I
S
S
S -S -
S -S -
S
S

-
— — 

I j _ — :
• — I I I I
a — I -• - . I I -
S I S I -
5 - I — I— — I I — —

I — — I I — —

— — I —
- — - - I
- - I -

—I 
- 

I

— —

-. - I I I - 
-S - I - I -S I - -

5 - I -s - I
I I - - -

S - I - - -- S - - - - -
S I I I - -
I - 

- 
-

S
S
S
s

I

Sheet .~2 1f Ii

— 
— 

- -- 

-

----------- — -

- 

— -



- 

~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ r~~
- —

~~~~

-

~ 
‘-.

1

,

400 -
44.7?
t . S  -
.490

3.> 
-

2”

00

- I 5. 
- -

2~~ . - -

0 300
0 01616 -

- - .3 53.0 - j - -
- - 4.~ 55659- - -I - I 415545~ I - -- 4.4 01 - - - - - -

- - - I - - -I I I
81 - - I - - - -

- . 4 85 .  I - - 
- - -I ~~~35-Q.. - 

I I
- I - II I 15’O I I -

I - 5 15-501 - I - - -

U
~II 4.6005 - - -

- I -- -~~~~~ 010I~ - - -I 0 S’S~5& I 
- - -

- I - -- -
- 

- 8. -

- 

- I ;

- I - - -- I - I
I I - I

I •
~~~~~~~~~~~ I I -

- - F I -

4 - I
- - 25—

- 
- 

_ _ _  _ _ _ _ _ _ _  _ _ _

— — — Sheet- 23 of 31

-

~ 

_
..

~~~~~~~~
.-
_;_ -~~~~~~~~ 1 

- -



~

- - 
00

- - 56 50
- - - -‘0

- - - 40
- S -
- - 0000000 1 -

.5 I - 1615000*16 1 -
- - 401>565451401 - I

3 - I6504551. I
- S - - — I 5
- s - I - I I S 00

-~~ 
- I I I 5 5150’

- 5 -  - I I ‘0154
6- 5 - - S - P55-

- - - - 5 —451
- S - .40 - 0000000 I -S - 4 5 0000151516 - S- I - Q  4150>014164 *5 0 ~~~~4’~~~—’—

S •ri - - 00
(54 01

- - - 
-

I - 440
50 X I •~~~~ S ’ 5 s .  61450 5 ~ 54~5$

- - .4 I .4 0000*00 500-’
5- 1440 - I/S 45061000(5 33 •PS 6.40 .4
VI - X I  — 01010101151601 .3’03.01 X I  5...5 -4 (551’5jfll%j— 0Ui 5- .4 0 5

S 2 - — >0 4  5 5 — ..
- 

- S.0 S — 
- (54 I 5 ItS 00

5 5  5 30 - .4 - .4 5-0
6- 3. I 5 5  - .4 .4 4 ...
544 — 5 5 5 3.0
615 5 5.0 VS • 5 S • S S • 0 .4 5.0 6.40 40 —
5 5 5 5 — 0000000 — S S I I I 1150
144 ‘—0 5 3. 0O~/55iSQ~$SIJI - S 3. .4 5—9

.3 I - S “) - PS5.-~~ -5-4JSI%4 S _S I/S S —3. S - -7VS55J ..-. S — o S
I -  P — 00 — 5 0.— * I ‘ S O
- - *14 I —e - 3—40 00z z - 5-0 0554 .3. -0.61 0.

Ue 1 05-0 1 • - - - 5005- - 5.-16J ‘/5 —. 40 0161 3
Il/S SI  - — .JI . 80 , - - I 5 -  .3 5.6 0 5 - 0~~~,.i- 5 I— - 5—3. 5 S S • s s s . 0 1  .1~ 3. 822 .4 )  - - 0000 *00 ~ — - l3

__)_ —
_•4 ~~~~ 

- 5. 1 51600000I/5 - S I  0
00 0 3 4430 3.0101055O’0l54 I — - S 2
>0 50 -0 I 3. 5-3.0 -.4 . .Q.0454 - — I —Sr — s o s  - s 5  4 1 5.8  — 8 . 4 S  * 3  •.
WI/I 45 5 - 5-  011)0 050 43 - 3161’S> S 051)04430 40 00 43.
465-40 U 5 433.1 • 5 0 - - 015- 54 * 5 3 .53 >0  40 5-4  >- 1 - - W.JO — - I .4 5 x - I 53.5145- .4 .4 • 140 .45. 4
810 1 . . -  I S I~ I 3. 0 I 1156 125 5 2 5 - 4 30 5 . 4 4 4 5

_5 —80 1 5 5..S. 4 6- • 5 • 5  5 5 • 4— 01 S 3. 5 5 40
- I - I ~js~~~ Ut I - 5 0 540 50000000 0J S .4 5

33 ISà~~ 505 I S Z 5330 - 001600016 - - 5 —305 3. .1) - I 3 015 • 5—I54— -0’.~~~ 4J - 5 43 - 3 5
453 15 3. - S 5Z0 5 5 e 3. . . - 0 s 4o5~~-. I 5 0500160 430 C5—5 - S - -S I 0~-I  A. — 5 •0-. 2 3 5 5 / 1 3  4 5  - - —
4— ~~~~~~~~ 

- 443 6- 5 3010> 343 00 .4 00 14
0>4 .44 *1J..J 5 — 50 .5- 6-144 .4 • 3.45

-4 _S3 - 8— - - - 1.- 430 -75- 3.
555 — 4 _ A.3 ! - 1,0 0 - 

- I 0101 0
I - 40 5 4~~. - la_i- I S Z • 0000000

03.4 50 33.0 - no - 4500000-45 3.-. 6/13 .40
2 0 I I I/SI 5 ..01 %JSISS O(%4 S I/I • 3 5  144234 1 - 0 - -05-05— 0 SO s-
5-02 5 5 U — 4 5 S 43 .4 I 5_il • S —

— .40 S — - . 4 0 -  5 — 0 5 0 05 .
I -40 - - 11416 S 0115583. 5154 . S.I’ 3.5- 5 050

S , S - - 3 • -0 S - 15104
5-3,4~4 5 • s 0— 1 40 -  . — - s 0— I_iSO
SOT - S .4 5-> 0000000 4 3. I0 — I 5- 01501515015 5 — —8 1 I 441 — -01~lU10’l5J - S 5/5 I/S

4.. 30 S — 40155....... S — 53 . 3  55— - 430 - — 155/15- 5 5

SI l~~s44I~ 015
O X  3 535 5 .0151
. 3 1  — - 4343

Z4 —
2 5 —

SI’S S 0 0000000
55.  5 1616004500
I >  S c3. ‘0 05001
S — 5 3 5 01>0504...
S S S ~ . — 5 . 5
.5  5 5 2 S 00
54  5 S — S
5 _S S I S
S S S I
.5 S .
5 — 5 5 0000000 5
5 —  S S J50445450J’
5 4 S S -J1SZ——
S C  S S 3.3.414.— 5
S .7 S ‘I ll
5 55-—S
• 0  OS
• 0  S
.1453 .5
.5405 •
S 4 4 Z S

F ‘>0 5
S 44I1)~~S— O S

L

I 1 4 5 1
S US 4.

Sheet ..-~ Of 31 

— - - -—------ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - . -



- - - —

H

- 
- I

- 
- I 1 

I~

35510—.-04l * 0—05-—~~~.—.-0 J5 -0 0 O~~~0.4005.—0O0 54-400 005— i-4- 515455_ic-5 —- 5I’I 45~~~~~—0 401—~7 3j53.P5_.~~S.4
—-15i1455.001453.01r-013.5-5-—0 45—0,00,0>0.0~~ -4>-O’C45,0 04 .73.04 4o,016,0040 —450,00130044—o~~ —.... . ~~

0..
.701

. 51.t5-,3. .01P50101S56 ..~~~ .~ 0W 5- 045It~1fl.7 4401010101 ’.11514&45145115455j451 —

OS SVSISWSUSI$5445161500044S0e 00016 /S000154516C150151515445004516o0450045000016450 00000.414454455/S4/S4451j500000
015-55 5-04 04000 510000015-15J4JI44S15(515-5-0451155-55_i~%j..~~ Q 0Q0400040000045-45145t/S45%/S165- 5.445461 445 .1.01(514 SP5445,05-00lSit_iS@>P5l/S4-3.-7401c5-,04054~O0(s_i,0016. .0105-40400,0J.._i..0G~~~ . 16454 40101N040404I’44l~j—~~

_i.514r--05uS’0.4-45~~~J —00’0r-r-.0,015-454~ 4010101.504010101152154 ——
- - I - — 

—

I I I 
I 

: - - —

0$45P5O5-01-.4..S/53.01~~4. 4SJ15,0015-0000 0—~~~~3. 0010165- -o16~~~~0’r- 5004-4~’—I-404 3.~~ c-C C> 44545—010
~~‘5US 0-51-4 ~ /50.0.51541’S 001 *5-’ -? ,0P5J.-45_Sr- 

~~
— Sj .0 ~~~~~~~ 0 ~—oosj js ~~~~ ~~~~~~~~~~ ~~~~~~~ 0~7~— — / 5  ~ ~ 11”

- _____

S I I I I I I S I S S I I I I  S I I I I I  I 5 5  I S I S - I  I I I S I I S  I I 5 I I I S I I I I 5 S I I I I I I I I I I I I I I I S I I S 

00400440501514 -C- . 164454 - 
- 0455_i - - --(54151 — - 451_S_i

Sheet 25 of 31 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ •— -.,-~- 
—~~~_-- - - -—- - - - - - - -—-- -_-~_-------‘-—---— -- - --- - - -- . - - --



~~ —~~ - 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -

~~
—-  — 5-

44 *155
55-4451 -

- 
-

.305>16
0445 445
0 5- 4

154
.6
-4

0 - -

-7 -0 5- - -
J1I~I0  5 .-C .
055’S 455 3040 - !

- - - I -
5- 1005- - I -0 1 5 . 40 - - - -

01 4 - 
- - - 

-

:
5- - 

— I - I 
- —

- 
! — - I I

~~
( S u  - 1 . 1

— 5> .O - I - - - - - -
- I - - -

- I 5 ’ S  I - I -

- I - I -
15$ I - — - - : —I - 

-

- I I - I -

- I i - I -
•-4 _ S_04465 - - - I - - I
—— 0441 .5- - - I- :4—•. - - -

- I — ’-I -~0 - 
--4— - - - - -

3 0 5  
- -

1 1 3
/ 7 4’  - -50 -4— 1 - - - -

‘.16.1 I W O  - - - -. 0.0 - - 
- 

I-C -C -

155655-. - . -
- -

US I
4353 -
5-4 -

- 
Sheet 26 of 3].

- ~~~~~~~~~~~~~~~~~~~~~~ — ‘  - — - -  - -. ~~~~~~~~ _ -—
- ~~~~_ — ~~~- .1 . - .  _~~~~



~~~~- -~::;: ~~~~~~~~~~~~~~~~~~~~~~ 
‘
~~~~J~

-
j

:J 
- 

—

t ‘ 5 5 5 5 * 5 5 5 5 5 5 5 5 5 5 , 5* . . .

— .
1

1 S , S * .

I - - - - I I 
-

— 000 -

———c~~: •000000000000000 00000000003 0*OO000000000O05O ~~ O00OOOOO3O-
- O I S I I I I I I I S I S I S I I 5 5 I 5 5 I I I I I I 5 I I 5 5 I I 5 5 I 5 5 I 5 5 I I I I 5 I I 5 5 5 5 I

51400
S - - -

~~SJ01 — _15J554 — — --.5604

~~~~51510401010145$01010401010501050501010101010105 44 4 444 4 44 . 7  4445 451455/S15%4545

— I Sl~et 27 of 31

~~IIilI ~ ~~~~~~ T — J - --—--
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ — —-—-.~~~~~~~~~~ ------ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~ -~~~- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
-
~~

----
~ 

—- -
~~ ~~~~~~~~~~~~~~~~ -

S

t

I 
-— 

— I I -

I I

— — 
- I I — — I —

S S 5 S S S 5S S S S I 5 S S S  

- 

-

35
S .00 5 5 5 5 5 * 5 • 5 • 5

— 000
— 050

000000

a.o.....o000o. .o) I I I I I I S I I I I I I I I I

-? 44OI51O15e.t ’O~~ 0I5I4-000

~~~~~~~
454 — —54

/1 /11544-44-4-4.-O-4.0 44 
-Sheet 28 k-s t 31

.4 I -

Lk4~~~ 
‘- - 

•~~~
-
~~~~~~~~~~~

- 
— 

- - 
~~~~~

—------



— - -~-- -- -- --
~~~~~~~ ‘-~~~~ . 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~‘T~i’ ~~~~~~~

S

I
S
S
S
S
S
S
I
S
I

S
S
S
S
S
I
I
S
S -
I
. 

- 

-

- I - f
S 

- 
-

• - - -
5
S -
S - 

- - .S -
S I - - -S -S - - -

S
S
S
I
S
S
S
S
S
S

I I
Sheet 19 of 31

- ...- - 

-
- 

~~~~
- —-—~~~~~~~ - -



- — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~ 

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

S

1~~~~

500

3.>

-a.
z0S~~

154
5- -

- 
-

- -- .J >0 I I
I.. 15_i... - -

- 

I 

- -

la.~ 0.5- 0 -

I -
-

— I — 
—

— I I — I — —

5- - - - -
- 4  

- -

I I -

ii
4

4 —  5

Sheet 30 of 31

~~~~~
— - 

~~~~~~~~~~~~~~~~~~~~~~ 

- 
-- 

- 

——--- -
~~~~~~~~

- 

-

- —
~~~~~~~~~~~~ --



- •-.,- -.-. — - -
~~~ 

-------- - 
~ - --s~~~---- 

~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - - --
~~~

-
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—.-7_-;--_
~

-.-
~
—---

¶

- i - —
- - I I I 

- 
5 - —

1 
— 

- 
— — — : - 

—

I i I - - .

I L i
- -

~~ I I - I

- 
. 1  :

5- !-4 - - -
- I I - 4353

5 0 • - . - — —  - 00
* ,‘S 0 0.74 I -0 U•S-44

• 0 5 - 4 .  .0
— 03. UW
5 -, - - 3.l-1 - VIA.S 4 4 4  _4
3. 5- 05-I -c - —  ‘54O 0 - - - — O S S
44 - 

- 00 O 1 5 V~5- 561. 0 ~ 11SJO - 05 •.s.33J S -P~ - 41540 5-
514 IllS I 5554555- 5- 0.0.4 - I- — - . 4156 5 53541- z a.. — - 5650.
~ I 1561 s.4
S #0  - 1 4 1 1  . 5 05—

0 5. 1 5 525 5 5
- S 0. (ii—. 01— l5~5 315*- ~ -4 5-S—~~~/I0 • -4 0 0 00.5530- 4 556 01—5.7 .5315. • (54 0 • O ’4W554 0 455 0555-4555353

•-~ 45j 5 -~~~~~. S •SØ~~~~5 •0 5- 040 5. 0 0.j.~0- ~~ — — 0—s/S
• ~~~ 5 5 553
•. • .l54 -5~~ 00 5 3.
-0 05/505544 50 5- —
• 053055.4 0544 5 15.10 430.034555 . 0.3 0 s/S ’S S .

0 0 .~00_j 0-00 054444.4 43 .7 -7 0
0> 44 854 4 4 0 3S — 00 ~It5.I.f56 .1 3. 3. .5_i S S

‘5 I... -043 ..04 43504 ~~~~~~~ •~~ -51 -54 01._iA.4 51.100155 I~I 45 ~45s45 43Øu5 5.~~~ 4 4 45
~~ -‘ 00 ~~~~ -
51 34~~’~ .0 — ~~~~~ 3.I.~~_ — ‘5

5.4:4 435/55 5I~_ i_..—. S /1 0 .1
154 *~0 U 0 4 4 5 . . 1 1 ..—~...:4__i~~_. ,— ~~~~~~~~~~ —1 204 4351....Z ..3 ..165.44.. ‘ S

S 54 5 5 5  54 .4 5 5 4 ..
75- >3.3.-~~ 

• 
015504.51 0501010105050105 0105

S 5 5 5 5- 5 5 S •~ S S S S S 5 5 S~ 5 5 S • S S • S . . S S

— 
I • - - Sheet 31 of 31

_ _ _ _  

_ _  _-

~ 

--  _______- --—



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—- 

S

• DEPARTMENT OF THE ARMY

- 

- 
1 PHILADELPHIA DISTRICT. CORPS OF ENGINEERS -

~~ ~~~~~~~~~~~~

- - 
CUSTOM HOUSE-2 

E 
S T R E E T S

4 SN ICILY C~ s to

- - 
- 

I N-li 

- - 
- 

1 2 MAy 1978

Mr. Robert A. Putt
- :~~. Hydraulic Engineer - 

- - - - - - -

-. 
.. Gilbert Associates, Inc. 

- - 

- 
- - - 

. -- - 
- - - P. 05 Box 1498 -

- -
~~

- Reading, PA 19603 - 
- 
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- . - - 5.tt~~~~ - - S -
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~
5

L ~~s - ~ -

Dear Mr. Putt: - - - 
- - 

.

The following information is to be app lied when determining the Spillway
Design Flood for the first nine dams Gilbert/Cou~nonwea1th is inspecting
in connection with the Dam Safety Program.

U For the five dams around the Wanaque Reservoir (Raymond, Wolf Den,
Furn ace Road, Midvale and the Overflow Weir), the hydrograph used should conform
to the data specif ied below : 

- - - - - - -

~~ 

- - -

Peak Q 33,500 cfs .. - 
-
. 

- - -

- 
- 

Shape should be similar to the P~~ hydrograph labeled “Wanaque River 
- -

at Mouth MPF~29,3O0 cfs SPF ~ 14,000 cfs shown on Figure A63 of the
Passaic River Basin Report. (A copy of this figure is inclosed)

- - The above information is from the Passaic River Basin-New Jersey and
New York Survey Report for Water Resources dated June 1972 by the New York
District Corps of Engineers. The drainage area above the Wanaque Dam
stated in this report is slightly different than the drainage area you have
supplied to us in your letter dated 9 May 1978. To maintain consistency

- - 
I - . between reports we would suggest using 90.4 sq. mi. for the drainage area
- . above the Wanaque Reservoir as published in Table Al of the Passaic River

Basin Report.

Due to the small- drainage area of the remaining four dams (Glen Wild Lake
- —1.04 sq. mi., Lake Vreeland—0.83 square mi., Crystal Lake-4.34 sq. mi., and

— - - Cedar Grove Reservoir-O.45 Sq. mi.), the hydrographs for these dams should
be developed using the SCS triangular method . For an examp le of this method
see Pg. 74 of Desi2n of Small Dams (second edition) by the Ii. S. Department

* - . of Interior—Bureau of Reclamation.

-
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- NAPEN-li - 

- 

- - -

- Mr. Robert A. Putt

- -, If there are any other questions, please do not- hesitate to contact us. 
- -

~~~ 
--~~. : - 

-
- Sincerely yours, 

-

- - .- ] ~~~~ ONARD J. LI KI- 
Fig. A63 (Passaic River Chief, Hydrology-Hydraulics Branch
Bas in Report) - 
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APPENDIX E

INSPECT ION REPORTS

(The North .Jersey District Water Supply Commission -

provided the inspection reports contained herein.) 
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NORTH JERSEY DISTR I CT WATER SUPPLY COMMISSION

M E M O R A N D U M

TO: Dam Inspection File

FROM: Joseph Foley, Engineer

DATE: April 5, 1977

i s :  On March 31, 1977 Roscoe Jennings , Doug Ce Lon e and I

~.nspec ted the darns at the t4anaque Reservoir ; the following
is a report ott their conditions and r e c om me n d at i o n s  on ma i n -  -

tenance of same .

FURNACE ROAD DAN

Condit ion: There are trees and brush on the wet and
dry -sides of the darn and also a small swamp of appar-
ently trapped water behind the dam .

Recommendations : The trees should be killed and re-
moved using poison suitable for potable water.

MIDVAL SE DAN -

Condition: Seine trees are growing on the wet and dry
- - sides of the darn. There is a small spring flowing

from the foot of the dam at the north end.  W et  spo ts
and soft wet sand are also apparent at the foot of the
darn . No s ink holes or other indications of dam fa i lure

I I were apparent at this location. A sample of wate r  f rc~this spr ing and a sample fncm the reservoir were taken
and anlyzed , the results are as follows :

I - Spring Water: 
- 

Specific c o n d u c t i v i ty  63
pM 5 . 3

Reservoir Water : Specific conductivity 102
pH 6 . 9

The results indicate that this - water is none L ike ly  ~o
be ground water than reservo ir water. (For addi:i:na..
information , please refer ~o a memo from Ecb ~4ieLa~~
to Geor ge Destito dated Nay 3 , 1 37 5 ).

Recommendations : The trees on -the ~~~ s~ culd e ~~~~~~~and removed. The darn should also ~e cheoke~ :en:o~~i:a~~.-;to be sure the spring is not a Leal< in the ~am.

E—1
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DAM INSPECTION FILE PAGE 2

R.AY~iC~-1D DAM

C~ndition: Ezoeli.eu.-t

SPILIWAY

Condition: Good, e~oepr thar it was indioa:ed by ErnieResr aj no  that there is a. small leak in the s;illway .
did not observe it because of the overflow . I will check
it again when the reservoir goes down .

Recommendations: The leak in the spiliway should be fixed
when the reserzoiz- goes down. - -

WOLF DEN DM -

Condition: There are trees and shrubs on both the wet
and dry sides. There are small springs flowing from the
low sections behind the darn. Same samples were also taken
here and the results were that the water had a specifio
conductivity of ~o and a pM of 6-. 3 , so this water is most
likely ground water also. -

Recommendations: I recommend that the trees and shrubs
be removed.

GREEN SWAMP 
-

~~~Dam -

Cottdition: The general condition of the darn is good , a . -
though sections of the gunite sunfaoing are cracked and
have fallen off (especially near the expans ion  ~cints) ,due to moisture that found its way under the guite There
was water running out of the drain but this flow was not
excessive.

Recommendations: The cracked and loose gunite should be
chipped awey and replaced and at the expansion joints ,
the guniee should be chipped and tar poured Li cc all ow
expansion of the concrete.

fland~~2A Dams

Condition: 3cth saall dams are. ~eavi .y wooded and there
is a small swam p behind the ~ ~ darn .

Recommendations: ~he only recommendatio n for the se  ~ans
is that the t-?ees be removed from both sides of the d&t5 .

I
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CAN INSPECTION FILE PAGE 3

~2 Darn

Condition: This darn is in axoellent ocndit±:r., exce~:
- around the exoansion joints where the gunice is cr~ ok ed
due cc the fac t that no allowance was made for expans i on
when the guite was applied to the darn. There is also a
swarno behind this darn, but this looks like a. natural swamp .

Recommendations : The gunice at the expansion joints should
be chipped away and tar poured in cc allow expansion and
any other cracks in the gurtite should be chipped and re-
paired.

~l Dam-i
Condition: There are trees and shrubs on both wet and dry
sides of this darn . There is also a swamp behind the dam .

Recommendations: The darn should be cleared of trees and
shrubs. -

As a result of my research , so far on darn inspecticn , 1
received a bookle t, “Supervision of Darns by State Authorities”
published by the United States Ccmmittee on large dams , July
1966. This publication had little information on the actual
inspection df dams but it did have some useful information such
as: the function of dam superv ision in New Jersey is performed
by the Chief Engineer , Division of Water Policy and Supply ,
Department of Conservation and Economic development . Inspection

H of dams is done by the State at the State ’s own e x p e n s e  on t h e
complaint of potential failure.

Additional information on darn inspect ion is also coming
from the Corps of Engineers and the United States Committee  on
Large Dams . 

-

JF:lk

cc: Dean C. Mcli
Robert G. Wieland

E— 3
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t.scatten 23.31.5.4.3 ti4 nearby.

On Yer~Pt 23 , 1923, the gtt.s in b. ~~Ln darn ‘.rc closed .x:s;t for t’iu

pssss~e of 21 a. g. 4. thr~i1h the bl w—qtt , a d  on ~areh 29, 192~~, the water

in the rises-vs r had risen 7 feet.

On Vereb 29, 1925, in ecepeny with ~~~. ~~. ~. Critchlc-w , inspection eta seed.

of *11 a~’ tho dams in t h e  f&naq-u . projeot. -
-

~s*r-nac. ~oed da.it was fo’n-~ to be theist 50 ~.r sent eerml.te.

- - Post ‘ro ~ D(7,rs~ori lam w.tr a~.si control hrn,es w.re ~orsots t , sisie t fsr

etostn~ a s~seU breech vit&-t was ‘eft its the dam Csr st r .ani control , an4 t sstst—

tattom of reeordtnr. r”ç’ itt the ntrot hou se.

lan*euq ~‘a.tn dass.

!idval. Dam. -

Ceerfiew ‘!etr.

volt  Dcii Ds~s, ar~d

Grs’n ~ wa tn t)-e~ s ~os. 1, 2, 3 and 4 w.ró cciepl.ts en~ 
wer- c~ -v,n ~tne~.

- 

- 
The ~tatrsaet {ett e~ at I da s hac been sione t i-s tenor-tat-se e wi th th~ so re~red

r!ens end tn a thorci~h~v Ner~r’anhLke arid sat isfactor y i~~nner.
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APPENDIX F

REGIONAL GEOLOGIC MAPS
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. TRIASSIC
BRUNS W ICK FORMATION

~ bs BASALT FLO W S
0 . PRECAMBRIAN

gh MOSTLY HORNBLENOE GRANITE AIl~ GRANITE G NE ISS
am A MPH I BOLITE
pqo PYROXENE GNEISS . MAIN LY OUARTZ—O L I GOCIASE —

CLINOPYROXENE GNE I SS
hq a PYROXENE GNE ISS , MA I NLY QUARTZ—ANDESIN E GNEISS

WITH BOTH ORTHO—ANO CLINOPYROXENE
qo QU ARTZ—OL IGOCLASE — GNEISS

~ \ 
qob QUARTZ-OUGOCIASE-BIOTITE GNEISS

b qs SILL IN ANITE GNEISS\ ms~ MARBLE AND SKARN

CONTACT LINE
FAULT LINE

NOTES

‘THE PRECAM8R IAN MAP UNITS RE PWESENT GEP~ RA LIZ ED
GROUPINGS OF ROC K TYPES BA SED MAINLY ON MINERAL
COMPOSITION . THERE IS MUCH LOCAL VARIATION IN

— 
THE MINERAL COMPOSITION.

• - 1-
a .~~ - ‘ 2. THE CONTACT LINES A~C FAULT LINE SHOW N ON THE

DRAWING ARE DASHED WHERE INFERRED.

/ 
SOURCE

/ NEW JERSEY GEOLOGICAL SURVEY TOPOGRAPHIC SERIES
AND GEOLOGIC OVERLA Y SHEETS 23.
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(Washington, D.C., Department of the Army , Office of the Chief of
Engineers).

2. North Jersey District Water Supply Commiss ion - Report 1925, (Newark ,
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United States Department of the Interior , Geological Survey .

i. KEC-1 Flood Hydrograph Package, Hydrologic Engineering Center , Corps of
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AI’I’KNI~LX U

CONDITIONS

This  report is based on a visua l inspection of the dam , a review ot ava t lable
engineering data and a hvltrologic a na ly s i s  pe r fo r med  d u r i n g  Phase 1 Inves t  . i t t o n
as set torth tn the Recommend ed Guid e l ines  for  S af e t y  In s p e c t i on  ot t)ams , as
moditied by the contract between the U . S .  Corps of Eng inee rs  and G L l b e r t
Associates , Inc ., Contract No. DACWbI-7B-C-0ll....

The t o r e g o i n g  r ev i ew , inspe ct  ion , and ana l s is  are by the i r n at u r e  1 u n i t e d
i n scope.  I t  us  p o s s i b l e  t h a t  h az ardous  c on d i t i o n s  e x t s t  and t h at  c o n d i t i on s
e*ist  wh i ch  w i t h  time m i ght deve lop in to  safety h a z a r d s  and t h a t  these
co n d i t i o n s  are not d e t e c t ab l e  by means of the  a f o r e s a i d  rev i ew , i n spect io n ,
and a n a l y s i s .  A c c o r d i n g  Lv G i l b e r t  Assoc i .ites , In c .  cannot  and does n~’tw ar r an t  or repr esent  tha t  cond it i ons  which  are hazardous  do not exist , or t hat
condit ions do not exist  which  wi th  t ime might  develop in to  s a f e t y  hazards .

As requi red by the Corps ot Eng ineers  the terms “good ” , “ f .u u r ” , “poo r ” ,
“condition ” have been used in t h i s  Rep ort  to c h ar a c t e r iz e  the i n t o r m a t t o n
obtained from the aforesaid review , inspection , and analysis. The defin itions
of these terms as used are:

“good condition ” - mino r studies or remedial measures are required .

“fair condition ” - sizeahie studies or remedial measures are -
required due to deficiencies which co u ld he
hazardous depending on conditions . Immediate
attention is required.

“poor condition ” - major studies o r remetha l meas u r es a t o  requ i r ed
t due to deficiencies which cou l d  he h az ard ous

depe nding  on c o n d i t io n s . lnun ett iat e  s t u d i e s  or
co r r e c t i v e  ac ti on  is requ i red.
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